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ABSTRACT

\0‘%34

‘The computer program for the Raytheon three-
dimensional trajectory optimization deck (TOS) is
described together with instructions for its use.

This deck determines the angle-of-attack and bank-

angle histories that optimizes a specified payoff
function subject to as many as nine terminal constraints.
A steepest-ascent optimization technique is employed

and an automatic-convergence procedure is incorporated
to facilitate convergence. The program is written

in FORTRAN IV for the IBM 7090/7094 operating under

the Basic Monitor (IBSYS).

iii



] RAYTHEON y

u
1T

iv




| RAYTHEON |

e
II

FOREWORD

This volume describes the current version of the
Raytheon three-dimensional trajectory optimization com-
puter program (TOS) which is written principally in
FORTRAN IV. It supersedes a volume bearing the same
title and issued as Raytheon Company Report BR-1759-2
(also, Aeronautical Systems Division Report No. ASD-
TDR-62-295, Part II) which described the original TOS
deck.

The conversion of this program to FORTRAN IV
and its modification to include an automatic-convergence
procedure and other features that will increase its
usefulness was supported by the NASA Langley Research
Center under Contract NAS 1 - 4056.

A description of the mathematical formulation of
this program is given in Raytheon Company Report BR-3136-1,

Three Dimensional Trajectory Optimization Study, Part I -

Optimum Programming Formulation.
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1. INTRODUCTION

TOS is a computer program for the IBM 7090/7094, which determines tra-
jectories in three dimensions that maximize or minimize a specified payoff func-
tion subject to terminal constraints using the steepest-ascent technique. The
steepest-ascent technique employs the concept of local linearization around a
nominal path. The effect on the terminal conditions of small changes in the
control-variable programs is determined by numerical integration of the adjoint
differential equations and computation of the associated impulse response functions,
These functions make possible the determination of the new control-variable
programs that yield a maximum change in the payoff function for a given squared
perturbation in the control-variable programs while simultaneously changing
terminal quantities by desired amounts. By repeating this procedure, control-
variable programs that optimize one terminal quantity and yield specified values
of other terminal quantities can be approached as closely as desired.

The TOS computer program is written for the IBM 7090/7094 to be run under
the Basic Monitor (IBSYS). TOS is written in FORTRAN IV except for the input
routine, the differential equation solving routine, and several auxiliary routines.

The main features of the TOS computer program are:

1) It solves the trajectory of a vehicle in three dimensions subject to
two control variables, angle of attack and bank angle. The vehicle
is treated as a particle and the earth is approximated as an oblate
spheroid having an atmosphere rotating with it. Tables for lift and
drag coefficients as functions of angle of attack and mach number
are provided for three boost stages and a glide stage. The thrust
and mass histories for the boost stages are input as tables also.

2) Equations for total heat, pilot acceleration dose, and heating-rate
and altitude penalty functions are integrated along with the trajectory.

Space is provided in the program for two additional penalty functions,

1-1
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A library of 23 functions is provided from which may be selected
the payoff, stopping, and terminal constraint functions. Other
functions may be added easily.

An automatic convergence procedure controls the size of steepest-
ascent step, modifies the computed control-variable programs
during the integration of the state equations, and introduces other
features that facilitate rapid convergence.

Flexible input and output routines are incorporated in the deck.
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2. SYSTEM AND COMPUTER REQUIREMENTS

The TOS computer program is written for the IBM 7090/7094 to be run under
the Basic Monitor (IBSYS),
TOS uses the overlay feature and requires one additional tape above those

necessary for the Monitor.

2-1
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3. PROGRAM DESCRIPTION

3.1 List of Subprograms

Name

TOS
STE
ADT
CLD
PRL
FCT
SFR
PIN
ITM
TML
MVL
CLR
EMK
UNS8

ATMI
BLNI1
LIN1
MIV
OouT
MARK
SMKI1
VFI

Function

Main Program

Forward Trajectory
Adjoint Trajectory

Lift and Drag Coefficients

Partial Derivatives

Payoff, Stopping, and Constraint Functions

Save Forward Trajectory

Read and Print Input

Slave to OUT

Triple Matrix Product (TOS)
Matrix Inversion (TOS)

Clear Memory

Obtain MARK Error Information
File Definition for Scratch Tape

Atmosphere Subroutine

Bivariate Linear Interpolation
Linear Interpolation

Matrix Inversion

Output Routine

Differential Equation Solving Routine
FORTRAN Driver for MARK
Variable Field Input Routine

Coding
FORTRAN IV
FORTRAN IV
FORTRAN IV
FORTRAN IV
FORTRAN IV
FORTRAN IV
FORTRAN IV
FORTRAN IV
FORTRAN IV
FORTRAN IV
FORTRAN IV
MAP
MAP
MAP

MAP
MAP
MAP
FORTRAN IV
FORTRAN IV
MAP
MAP
MAP
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3.2 General Description of TOS

3.2.1 Input and Initialization (PIN)

The first thing TOS does is to initialize various quantities, set nominal
values for input, and set up the symbol table for the input routine. TOS uses a
variable field input routine, VFI, written by AVCO and modified by Raytheon for
use in this program. Section 4 describes the input necessary for this program
and also includes a discussion of the features of the variable field input program
used by TOS, The complete input for each problem is listed as the first printout
of the problem using PIN, This feature is preferred to the PRINT option in VFI
since that option merely lists the specific cards read to initiate a particular

problem.

3.2.2 Forward Trajectory (STE)

TOS next computes the forward trajectory by integrating the six differ-
ential equations of motion plus six auxiliary equations, the last two of which are
undefined in the current deck and set to zero. The differential equation solving
routine used by TOS is MARK. MARK is driven by another routine, SMK.

MARK and SMK are described in Sections 3. 12 and 3. 13. The twelve differcn-
tial equations are integrated in the variable Adams-Moulton method using second
differences.

The input for this section consists of the initial values of the stage equa-
tions and the control-variable tables for angle of attack, «. and bank angle, 0.
These values are read from the input tape.

The output of this section, disregarding the print output, is a table of
the independent variable, time, and the twelve dependent variables at each inte-~
gration step. These values are saved on tape in subroutine SRF. This routine
is entered after every integration step and when the stopping condition is reached.
These values along with the end conditions are used as input to the adjoint tra-
jectory.

The print output of the forward trajectory is selected through input. A
description of this output can be found in Section 5.

The forward trajectory is terminated when the stopping condition is

reached. The stopping condition is specified through the stopping function
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number and the stopping value which are part of input. The stopping function

number is used by function FCT to get the value of the stopping function at any

time,

3.2.3 Adjoint Trajectory (ADT)

This section computes the adjoint trajectory associated with the forward
trajectory previously calculated. For the payoff function and each terminal-
constraint function there are twelve adjoint differential equations. Only six of
these differential equations need be integrated since six are constant.

The initial values of the adjoint differential equations are computed via
the subroutine PRL, which evaluates the partial derivatives of the payoff and con-
straint functions with respect to the state variables.

These differential equations are also computed by MARK, A second
difference, variable Adams-Moulton method is used.

The adjoint trajectory uses the end conditions of the forward trajectory
together with the tape constructed during the forward trajectory to compute the
adjoint differential equations.

The adjoint trajectory is divided into 200 equally spaced intervals
(201 points), At these 201 points the impulse response functions are saved in a
table, GL. There are two impulse response functions per each payoff and con-
strainit function, one withrespectto «, the other with respect to o.

At the termination of the adjoint trajectory the IrI)tIV Izp@’ and Izpll)

integrals are computed.

3.2.4 New Control-Variable Programs

The impulse response function table, GL, the I and I = integrals,

287, o 7 Ly

and the current value of the steepest-ascent step size, (dP)”, are used to compute
new control-variable programs. The control-variable programs consist of two
tables, ALPHX and SIGMX. ALPHX is composed of 201 values of @ and SIGMX

201 values of o.

3.2.5 Analysis

This section falls between the forward trajectory and adjoint trajectory.
Here several convergence criteria are tested and the steepest-ascent step size
is changed depending on these tests.
A check is also made for the stopping conditions for the case.
3-3
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3.2.6 Miscellaneous Subprograms

FCT

FCT is a function subprogram which computes the payoff, stopping,
and constraint functions. The routine is entered with the function number and
returns with the function. FCT has 23 functions which may be used as payoff,
stopping, or constraint functions. Others may be added. The table FNAME in

TOS contains the names of these functions for use with print out.

CLD

r——

CLD is a subroutine which obtains the lift and drag coefficients from

input tables by bivariate linear interpolation.

ITM

ITM is a subroutine to OUT which obtains the functions specified by

the reference numbers in the IGO statement for use in the printout.

UN8

UNS8 provides the file definition for the scratch tape.

3.3 $IBFTC TML

Triple Matrix Product Function Subprogram for TOS program

Purpose: Given three matrices to compute their product eliminating

specified rows and columns.

Usage: Calling sequence:
X = TMAML(A,B, C, L)

where Ais a lx 8 matrix
B is an 8 x 8 matrix
Cis an 8 x 1 matrix

and Lisa l x 8 matrix

X will equal the product of A x B x C where the rows and columns of all
the matrices are eliminated if the respective component in the L matrix equals O,

A, B, and C are real matrices. L may be a rcal or integer matrix.
3-4
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3.4 $IBFTC MVL

Matrix Inversion Subroutine for the TOS Program

Purpose: Given a matrix find its inverse eliminating specified rows and

columns.

Usage: Calling sequence:
CALL MINVL (A, Al ID)

where A is an 8 x 8 matrix to be inverted
Al is the inverted matrix (8 x 8)
and ID is a 1 x 8 matrix which designates which columns and

rows are to be eliminated.

If a component in the ID matrix = 0 the respective rows and columns in
A are eliminated. The A matrix is then inverted and stored in the AI matrix.
The rows and columns that were eliminated in the A matrix are set to 0 in the

inverse.

This subroutine uses SUBROUTINE MATINV to obtain the inverse.

3.5 $IBMAP CLR

Clear Storage Subroutine

Purpose: To clear specified portions of memory.

Usage: Calling sequence:
CALL CLEAR (A,B,C,D,....... )

Core locations A through B, C through D, etc., will be cleared to

zZero.

3.6 $IBMAP EMK

Obtain Mark Error Information

Purpose: To obtain the step size and truncation error from the MARK

integration routine.

3-5
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Usage: Calling sequence:
CALL EMARK(HC, RGERR)

The subroutine returns with the actual step size in HC and the

truncation error in RGERR.

3.7 RM-ATM1

U.S. Standard Atmosphere, 1962
J. A. Maltais - Aug. 30, 1963

Raytheon Company, Missile Systems Division

PurEose

ATM 0] is a closed subroutine which furnishes a model of the U. S.

Standard Atmosphere, 1962 for the properties: pressure, density, and speed of

sound.

Description
The U.S. Standard Atmosphere, 1962 is described for the altitude range
-5 km (-16404 ft) to 700 km (2, 296, 588 ft). The defining property of this atmos-

phere is the molecular scale temperature. On the basis of the molecular scale
The

temperature the atmosphere is divided into a system of twenty-one layers.
base of each layer has associated with it a particular molecular scale tempera-
ture with a constant temperature gradient across the layer,

The numerical computation of the atmospheric properties results in a
dichotomy of the calculations for altitudes less than and greater than 90 km
(295, 276 ft), The variation in the calculations directly concerns moclecular
scale temperature and pressure and indirectly density and speed of sound. For
geometric altitudes (z) less than 90 km the approximation for geopotential altitude
(H)is H = z { 2 ) where (a) is the earth's equatorial radius. For geometric

a +z
altitudes greater than 90 km pressure is expressed as an integral and is evaluated

The approximation used

using a three point Simpson's rule quadrature formula.

for gravity which appears in the expression for pressures above 90 km is

2
r

GM 2
g-_-{'_[1+J(%) (3sin21,l)-1)]-r92coszzl}

3-6
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For altitudes greater than 90 km, the value of the speed of sound is set

arbitrarily at the value for 90 km. At altitudes greater than 700 km, the values
for pressure, density, and speed of sound are set to zero.
Input and output to this subroutine is expressed in English units, but the

internal calculations are performed in the metric system of units.

Usage
The following is a description of the way ATM 01 may be used:

CALL ATM (H, A)

where His the location containing the altitude in feet

and A is the first cell of a block of three locations where the
calculated values of pressure, density, and speed of
sound are stored by the subroutine. Pressure is stored

at A (1), density at A (2), and speed of sound at A (3).
A (1) Pressure, in LBF/FT2
A (2)  Density, in SLUGS/FT>

A (3) Speed of sound, in FT/SEC

Restrictions

ATM 01 requires the use of three subroutine subprograms: namely,
LOG, EXP, and SQRT,

3.8 RM BLNI

Bivariate Linear Interpolation
7040/7044 7090/7094 IBMAP
R. Goodell - July 21, 1964

Raytheon Company, Missile Systems Division

Purpose: Given the arguments x and y compute zy, 2y, etc., by double
linear interpolation from unequally spaced tables of x's, y's, z.'s, z,'s, etc.

1 2
If x and/or y is outside the range of their tables, the z's are set equal to the

nearest value in the table.
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Usage: Calling sequence:
CALL BILIN(N, X, XTAB, Y, YTAB, Z1, ZITAB, Z2, Z2TAB
as many dependent variables and tables as desired)
where N = return indicator
~ x and y within range
2 - xlow
3 -~ xhigh
4 - ylow . (y off range returns override the
5 - y high x off range returns)
X = argument x
XTAB = location of table of x's
Y = argument y
YTAB = location of table of y's
YA\ = dependent variable z,
Z1TAB = location of table of zl's
Z2 = dependent variable z,
Z2TAB = location of table of zz‘s
Notes
1) The x's and y's tables are terminated by a nonmonotonically
increasing value.
2) The x's and y's tables must be monotonically increasing (may be
equal).
3) There must be at least two values in both x's and y's tables.
4) The tables of z's are stored contiguously with the x's varying first.
Example
x —>
. -1 0 2
y 10 6 8 18
} 7 3 5 24
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Table as it would appear in storage:

XTAB DEC
DEC
DEC
DEC
YTAB DEC
DEC
DEC
ZTAB DEC
DEC
DEC
DEC
DEC
DEC
3.9 RM LINI1

-1
0.
2
0. nonmonotonic value
-10.
-7.
- 100, nonmonotonic value
6.
8.
18,
~3.
5,
24,

Linear Interpolation Subroutine
7040/7044 7090/7094 IBMAP
R. Goodell - July 21, 1964

Raytheon Company, Missile Systems Division

Purpose: Given the argument %, compute Vi Voo etc., by linear interpola-

tion from unequally spaced tables of x's, yl‘s, yz's, etc. If the argument x is

not within limits of the x's table, the subroutine returns with an indicator desig-

nating which end of the table is nearest and the y's are set to the values at the

nearest end,

Usage: Calling sequence:

CALL MULG(NVAL, N, X, XTAB, Y1, YITAB, Y2, Y2TAB,

as many dependent variables and tables as desired)

where NVAL
N

il

o
"

]

maximum number of values in tables
return indicator

x within table

x off low end

x off high end

3-9
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X = argument x
XTAB = location of table of x's
Y1 =Y,
YITAB = location of table of yl's
Y2 =Y,
Y2TAB =

location of table of yz's

Notes

1) The end of the x's table is indicated by either the maximum number
of values or a nonmonotonic (strictly) value in the table.
2) x's table must be monotonically increasing (may be equal).

3) There must be at least two values in the x's table.

3.10 $IBFTC MIV

AN F402, Matrix Inversion with Accompanying Solution of Linear Equations
(FORTRAN II)

Burton S, Garbow - February 23, 1959

Argonne National Laboratory, Lemont, Illinois

Purpose
FORTRAN II Subroutine solves the matrix equation AX = B, where A is

. . . . -1
a square coefficient matrix and B is a matrix of constant vectors. A " is also
obtained; indeed, inversion may be the sole aim in a particular usage. Finally,

the determinant of A is available; other possibly useful information is in COMMON

storage.
Method
Jordan's method is used to reduce a matrix A to the identity matrix I
through a succession of elementary transformations; £ £, - . . 1 1A =1 If

these transformations are simultaneously applied to I and to a matrix B of

constant vectors, the result is A"1 and X where AX = B,
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Usage

Entrance is made via the FORTRAN statement in the calling program:
CALL MATINV (A, N, B, M, DETERM)

where 1) N is the order of A; N> 1.
2) M is the number of column vectors in B,
3) DETERMis the location in which the determinant is
to be placed.

Suitable variable names may replace the dummy variables listed above.

For compatibility purposes with the subroutine which was compiled on
the basis of N = 20, dimension statement entries for the 2-dimensional arrays,
A and B, in the calling program must have row dimension equal to 20; e. g.,
A(20, 10), or B(20, 2). If this imposes too severe a storage requirement, or
on the other hand if it is desired that N > 20, the subroutine can be recompiled
with a new DIMENSION statement replacing all entries of 20 by the desired value.

At the return to the calling program, A lis stored at A and X at B,

M = 0 or negative signals that the routine is to be used solely for inver-
sion; note, however, that in the CALL statement an entry corresponding to B
must still be present.

Space required: 71 18 (45710) locations in addition to an extent of 60

+ N locations at COMMON distributed as follows down

from upper memory:

DTV MAT
L7Ly\rsa

\ 4—}-\.3

A rra
- LI a4 e

N locations for y of pivot elements used in the
inversion.

20 - N locations not used.

N locations for column 1 of INDEX - a 2-columwn array which
records consecutive row interchanges.

20 - N locations not used.

N locations for column 2 of INDEX,

20 - N locations not used.

N locations for IPIVOT - an array used to prevent duplicate pivot-

ings on any single row.
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Coding Information

Timin

Running time is approximately proportional to N3; for N = 75

(using recompiled version) it takes about 4- 1/2 minutes.

Card Decks

1) FORTRAN statements: 85 cards numbered ANF4020],
F4020002, F4020003, ..., F4020085,
2) Object deck: 23 cards numbered ANF40201 - 23.

3.11 $IBFTC OUT

General FORTRAN Output Routine
M., Frazier, Aug. 4, 1964

Raytheon Company, Space and Information Systems Division

Two things are required for use of the general output routine. First is the
actual call to the routine, second is a method of referencing labeled COMMON.
Discussing the latter first, the user must provide a FORTRAN function ITEM
(I, J), which returns the Ith item in the Jth COMMON block, as follows:

REAL FUNCTION ITEM (I, J)
COMMON/ABLE/X, Y, 2
C_OMMO_N/BAKER/U'P, SIDE, DOWNY Complete user's common of,
COMMON/ZEBRA /DONE, ’AT, LAST) say, 6 labeled commeoen areas.
REAL X{(1), UP(1), DONE(1) (first item in each block is called
real, whatever it may be actually. )

GO TO (10, 20, 30, 40, 50, 60), J

10 ITEM = X(I)
RETURN

20 ITEM = UP(I)
RETURN

60 ITEM = DONE(I)

RETURN
END
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To generate output, the user simply codes

CALL OUT (IGO, HFMT, DFMT)

where IGO, HFMT, and DFMT are arrays of quantities

described below,

Name Length

IGO 1 Print if = 1, punch if = 2, otherwise do nothing
ITYP 1 Output type, see below for explanation

INH 1 Number of lines produced by heading format
INL 1 Number of lines produced by data format

M 1 Number of data items

1T Data item table
2,20 ITYP =1
2,40 ITYP #1

HFMT Data heading format
40 ITYP =1
unlimited ITYP £ 1
DEFMT Data format
40 ITYP =1

unlimited ITYP # 1

fo

Some of these quantities deserve fuller explanation.:p There are four entries
to the subroutine, selected by ITYP =1, 2, 3, or 4. ITYP =1 signifies a page
heading. A CALL OUT whose array contains an ITYP = 1 will immediately
restore the paper, then write the contents of HFMT (if INH ;4 0), foliﬁpwed
(if M # 0) by M pieces of data specified by the IT table in the format specified by
DFMT. This output will be repeated automatically every time the line counter
overflows. A new page heading format will be generated by calling OUT with
ITYP =1 again, otherwise the one generated by the first such call will !be used,
Calling OUT with ITYP = 2 is the standard method of putting out assor.te.‘d data.
The contents of HFMT will be printed immediately after a page is restared (to
provide column headings), but not otherwise. M items will be printelad'in format
given by DFMT, the items printed will be selected by the ITEM subroutine using
the IT table as follows:

“See Figure 4-1 for an example of the use of this routine.

3-13
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DO10I=1, M
10 TAB(I) =ITEM (IT(1, I), IT (2, I))

WRITE (6, DFMT) (TAB(I), I = 1, M)

(If punching this becomes WRITE (7, ... ) etc.)
This is also the way the IT table is used in printing out the heading data above.
ITYP =3 is used for printing out vectors and 2 dimensional arrays where the
first subscript varies most rapidly. Only one such array is printed per call,
and it is preceded by the contents of HFMT. The IT table is handled slightly
differently., M is the length of the vector (or array column) to be printed.
IT (1, 1) and IT (2, 1) are used as above, IT (1, 2) = the number of columns in
the array (=1 for vectors), and IT (2, 2) = the first dimension of the array in
core (M < IT (2, 2)), but IT (2, 2) is not needed for printing vectors (IT (1, 2)
= 1), When an array is being printed, INL is the number of lines required to
print 1 column.

Finally, ITYP = 4 is used for printing out arrays in row order, and is
described in detail by interchanging the words '"row' and ''column' above.

Incidentally, if IGO = 2 (for punched output), only data is punched, and
headings and page headings are ignored.

Continuing through the IGO block, INH is used to control the line counter.
If it is zero, the contents of HFMT is not printed. INL is also used to control
the line counter. For two dimensional arrays, INL is the number of lines
needed to print one column (or row if ITYP = 4),

M is the number of data items or, if a two-dimensional array is being
printed, the number of items per column (or row if ITYP = 4).

IT has been explained above., HFMT and DFMT are the output formats,
including the surrounding parentheses.

The IGO block may be filled with a DATA statement, or by input, as desired,

which gives the great flexibility of this output routine.

3.12 MARK

The MARK integration routine is described in Appendix L.




3.13 RM SMKI1

FORTRAN setup routine for JP MARK
7040/44 7090/94 IBMAP
R. Goodell - July 22, 1964

Raytheon Company, Missile Systems Division

PurEose

This subroutine is buffer between JP-MARK, a differential equation
solving routine written in MAP language, and a main program written in
FORTRAN. SMKI1 allows a program written in FORTRAN IV to use most of the
features of JP-MARK.

Usage
A knowledge of JP-MARK is assumed,

Calling sequences:

CALL SMARK (KIND, N, HBANK, NRTN, NTRG,
EUBAR, ELBAR, HMAXT, HMINT, YCLOW,
Lvi, TVl

Lvz, TV,

----up to 10 triggers)

where  KIND = type of integration

0 = fixed AM integration
2 = RK integration
4 = variable AM integration

N = actual number of differential equations

HBANK = location of a bank of storage used by JP-MARK

equivalent to HBANK-3

NRTN = return indicator from SMARK

1 = EOS

2 = DERI

3 = DER2

4 = trigger return
5

= error return
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NTRG = return indicator from SMARK which designates
which trigger has been activated
1 for first trigger, 2 for second, etc.
EUBAR, ELBAR, HMAXT, HMINT, YCLOW same as in
JP-MARK
LV,

i
TV.
i

location of variable being tested

I

location of desired value of the variable being

tested

CALL TRA 14 returns control to SMARK and causes a TRA 1, 4
return to JP-MARK,.

CALL TRA 24 returns control to SMARK and causes a TRA 2, 4
return to JP-MARK

CALL ON(N) turns trigger N on
CALL OFF(N) turns trigger N off
All triggers are turned on when SMARK is called.

The order of the differences to be carried in AM integration must be
stored in HBANK(1), the nominal step size in HBANK(4), the maximum number
of equations allowable in HBANK(5), and all independent and dependent variables
initialized before calling SMARK. The double precision part of the independent
variable HBANK(7) is set to zero by SMARK,

3.14 $IBFTC VFI

Variable Field Input Subroutines*

AVCO, Research and Advanced Development Division

Purpose
1) BCDCON: To generate a table of six character BCD names vs
associated core addresses.
2) SYMBLS: To read, convert, list, and store fixed, floating, or
hollerith input data.
3) HDTAPE: To write a 72 hollerith field read by SYMBLS on a

specified tape.

I3
Several minor modifications have been made by Raytheon Company.
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Usage

Calling sequence:

1) CALL BCDCON (nHA, B (10), C(10, 10), D(10, 10, 10), etc.,
E, F, G, H, etc.)

where n > 12 times number of single subscripted variables

+ 18 times number of multisubscripted variables

2) CALL SYMBLS (INCOLI)
3) CALL HDTAPE

Complete description of procedures for proper use of these subroutines:

1) BCDCON: The n hollerith field described above will contain any
BCD names followed by the dimension of their associated variables appearing in
the rest of the list. Thus using the example above BCDCONwill generate at
object time a table which will be correct if F were dimensioned 10, G were
dimensioned 10 by 10, and H were dimensioned 10 by 10 by 10. This table then
makes the association of the hollerith field names and dimensions with the other

items in the list.

(e. g. Symbol A corresponds to core location defined by E.
Symbol B corresponds to core location of the beginning of the array
defined by F(10).
Symbol C corresponds to core location of the beginning of the array
defined by G(10, 10).
Symbol D corresponds to core location of the beginning of the array
defined by H(10, 10, 10). )

If it were desired to define other than beginning locations of
arrays, this can be done in the normal FORTRAN manner of subscripting the
variables in the list; (e.g., if you wanted to define Symbol C with the second
column of G, then instead of writing G, write G(10, 2). This, however, does not
affect the dimension associated with the symbol C.)

In the processing of the hollerith field, commas and parentheses
are the breaking symbols. That is, a symbol will be considered complete when
a comma or a left parenthesis is encountered. When a comma is present immed-

iately following a symbol, no dimensionality is expected. When a left parenthesis
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is encountered, a dimensionality is expected which will be terminated by a right
parenthesis. Each item of the dimension must be separated by a comma. After

a right parenthesis, a comma is expected.

Errors

There are three possible errors that can be committed in the call of

BCDCON.

a) More than three subscripts given. Usually occurs when a
right parenthesis on the dimension is missing.

b) More variables in the list than in the hollerith field. Usually
happens when there are commas missing in the hollerith field,
when the total number of hollerith characters (n) is too small,
or when the programmer has simply put more variables in the
list than he meant to.

c) More symbols in the hollerith field than variables defined in
the rest of the list. Usually happens when the total number of
hollerith characters (n) is too large, when there are too many
commas in the variable field, or again when the programmer

has miscounted the items.

All these errors will result in a defining error message and cause the execution

of the rest of the program to be deleted.

Cautions

BCDCONis used to generate a table for use in SYMBLS, Where this
table is located is passed by BCDCONto SYMBLS. Now, while multiple calls of
BCDCONare readily permissible, it must be remembered-that to call BCDCON
in more than one subprogram could be dangerous (not necessarily fatal); since
the first call defines the beginning of the table, you will be replacing core loca-
tions in one subprogram originally defined in the other subprograms. The
inherent dangers are obvious.

Also, BCDCONwill allow more than six characters to represent a sym-
bol in the hollerith field; however, it will use only the first six characters as its

table entry. Therefore, any symbols greater than six characters having their
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first six the same will generate the same symbol in the table and only the first
one encountered will be effective; (e. g., CALL BCDCON (24H ABCDEFG,
ABCDEFH , A, B)produces as table entries, ABCDEF vs A, and ABCDEF
vs B).

2) SYMBLS: Mzaking use of the table generated by BCDCON,
SYMBLS will now read ixn input from the input tape, list it on the output tape,
obtain the location where the data is to be stored by finding the symbol punched
on the card in the BCDCONgenerated table, convert the data as prescribed and
then store it into the core location obtained above. This process is continued
until a numeric punch in column one is encountered. At this time, this number
is stored away in INCOL1 of the above calling sequence example, and control is
returned to the program. Automatic exit from the program to the system is
obtained by calling SYMBLS and having the next card to be read have a numeral
two punched in column one.

The breaking character used to separate items on the cards is

a blank., Therefore, the way in which data is presented to the subroutine is
completely variable as it appears in columns 2 - 72, with the exception that a
symbol or a piece of data cannot be continued from one card to another. An
example of how an input card might look is shown as Card 1 in Figure 3-1.

These items can be separated into three categories.

a) Core location defining symbols. These in turn may
divided into:

1) The symbol - A set of characters only the first
six of which are used for looking into the BCDCC.Y
table. This symbol must begin with an alphabetic
character and will be terminated by a blank or a
left parenthesis.

2) The subscript - Appearing to the right of the
symbol it is to modify, it is enclosed in paren-
thesis, Multiple subscripts are separated by
commas., In the case of multidimensioned
variables the way in which the subscript is
written will determine whether the ensuing data

will be stored sequentially or not. If either no
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COLUMNS :
1 10 20 30 40 50
Card 1.  Separate Data Ttems:
A l. B(2) 3.0 ¢(1,2) 4.0 D(1,1,3) 5.0E3

Card 2. Elements of an Array - First Method:

D(1,1,2) 3.0 4.0 (1,2,2) 5.0 6.0

(4,3,2) 7.0 8.0

Card 3. Elements of an Array - Second Method:

D( 2, 1-3, 3) 5.0
Cards 4 and 5. Decimal and Octal Data:

B 10.
g 4321 57030

Cards 6 and 7. Alpha-Numeric Data in an Array:

A B(1) 3
ABCD FGH JKLMN @ P

Ccard 8. Single Storage of Alpha-Numeric Datac:

B(3) /ABCD /EFG

Card 9. Table Generating Data:
B 1.0(.5)2.5(~2.5E-3)2.49

Figure 3-1. Sample Input Cards
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subscript is given or a subscript is given which
has conformity to the dimensions given (e. g.,
Dor D (1, 2, 3) where it is dimensionalized

(10, 10, 10)), then the ensuing data will be
stored starting in the core location defined by

the symbol modified by the subscript, if given,
by varying the right most subscript. If a single
subscript is given to a multidimensioned variable
(e.g., D{(3) where H is dimensionalized (10, 10,
10) ), then the ensuing data will be stored sequen-

tially.

In addition, a subscript may appear by itself, In
this case it will modify the current core location
as determined by the most recent symbol. As an
example, refer to Card 2 of Figure 3-1 and the
BCDCONcalling sequence. The card shown will
generate the same data as the following FORTRAN

statements:
H(1,1,2) = 3.0
H(1,1,3) = 4.0
H(1,2,2) = 5.0
H(1,2,3) = 6.0
H(4,3,2) = 7.0

H(4,3,3) = 8.0
There is also a provision for using subscripts to
define areas to be set to a value defined by a
piece of data which follows. See Card 3 of Figure
3-1 for example. This is equivalent to the
FORTRAN s statements:

DO 1 I 1,3

1 H (2, I, 3) 5.0
In general, the three possible forms this provision
can take are: D{I, J, K1-K2); D{I, J1 - J2, K);
and D(I1 - 12, J, K) where all the subscripts are
unsigned integers and KI<K2, J1<J2, and Il<I2.

1

il
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The first subscript is separated from the second
by a minus sign in that subscript which defines the
area to be set. There is no provision for varying
more than one subscript in a single definition;
(i.e., D(I1 - I2, J1 - J2, K) is not permissible),

Finally, in the subscript field it is not necessary
that the characters be packed. That is, blanks
are permissible, as shown in Figure 3-1.
b) Data defining fields. These can be divided into five items.
1) Floating point numbers - These will be defined by

the appearance of a decimal point or a decimal
point and an E in the field. They can be negative
or positive in value, as can the integral exponent,
When the E notation is used, if no sign appears
between the E and the exponent, or if a single blank
separates these two items, a plus will be assumed.
In general, there are three permissible forms:

X, XXXXXXXE+YY

X, XXXXXXX+YY

X, XXXXXXX
Except for the cptionsl blank after the E to denote
a plus sign, there must be no imbedded blanks,
The decimal point can appear anywhere in the
field. The exponent can only be integral. All the
X's and Y's above are numeric, There can be one
or more X's defined, but only the first eight will
be converted. There can be one or two Y's,

2) Integers - These will be defined by the lack of a

decimal point in the field. They can be negative
or positive in value, If there is no sign, a plus is
assumed. It is assumed the integer will not exceed
32767. It will be stored in the decrement portion
of the core location defined by the symbol preceding
it. The only permissible form is:

XXXXX
where all the X's are numeric. There can be one
to five X's.
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Octal numbers - These are defined in a different
way than the preceding two pieces of data. Arn £
in column one signifies to SYMBLS that columns
2-72 of this card contain only octal data and
nothing else. The words of octal data can be one
to twelve numbers long, and in all cases are right
justified when stored. There are no checks for
the appearance of eights or nines in the fields.
Again the octal numbers to be stored are separated
by blanks, Where these numbers will be stored
will be determined by the last previously defined
symbol. Cards 4 and 5 of Figure 3~1, with
reference to the BCDCON calling sequence, will
produce the equivalent to the following FCRTRAN

statements:
F(1) = 10.0
B F(2) = 4321
B F(3) = 57030

Alpha-numeric data - There are three possible

ways in which to define this type of data.

a) Hollerith card intended for use with HDTAPE
(discussed below). This type of card is sig-
nified by an H in column one. Columns 2-72

T lhaAa wmranA Tt~ A o
4 MO Lol ALLAS A ut}

as hollerith characters. The H will be

iallyvy set agide black

wil cially set agide block
changed to a one. Nothing else can be done
with the card.

b) Alphas-numeric data intended for arrays,
There are two cards associated with this
option. The first card must have an A in
column one, a location defining symbol and
a word count (1 to 12) anywhere in columns
2-72. The second card, which must follow
immediately, will contain the alpha-numeric
data to be stored. After the number of words

specified in the first card has been processed

¥

5.4
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and stored, the rest of the card is ignored.
Additional groups of 12 or less words each
must be entered in the same manner as the
first group of 12 words using two cards.
Cards 6 and 7 of Figure 3-1, with reference
to the BCDCON calling sequence, will produce
the equivalent to the following FORTRAN

statements:
F (2} = 6HABCD F
F (3) = 6HCH JKL
F (4) = 6HMN ¢ P

Alpha-numeric data intended for single
storage. This type of data is processed in a
manner more similar to floating point num-
bers and integers. The symbol slash (/)
signifies the beginning of such a field and the
first blank encountered terminates the
processing of the field. The maximum num-
ber of characters allowable is six. If there
are less than six, the characters defined are
left justified and the remainder of the word is
filled with hollerith blanks. The word is
stored in the last previously defined core
location. Card 8 in Figure 3-1, with refer-
ence to the BCDCON calling sequence, will
produce the equivalent to the following
FORTRAN statements.

F (3) = 4HABCD

F (4) = 3HEFG

Table generating data - This is a feature which

will allow the input data to be generated, with a

minimum of punching, when numbers are desired

ranging from a lower limit to an upper limit in

steps of certain given deltas. The data specified

can be either floating point numbers or integers,
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but cannot be mixed. The expression defining the
numbers to be generated must be packed (i.e., no
imbedded blanks) since a blank terminates the
field. There can be as many deltas as desired,
and they can be both positive and negative. The
general form of the expression is:

X (X)X (X)X, e X (X

X

m-1"m

This will generate from Xl to X3 in steps of XZ’

X3 to X5 in steps of X4y etc.

down to X to X in steps of X .
m-2 m m-1

Referring to Card 9 in Figure 3-1 and the BCDCON

calling sequence, the card shown will produce the

equivalent of the following FORTRAN statements.

F(1) = 1.0
DO1 I =13

1 F(I+l) = F(I)+0.5
DO21 = 4, 7

2 F(I+l) = F(I)- 0.0025

c) Operation instructions:

1)

2)

Transfer card - This card will cause transfer to
the calling program. It is signified by a numeral
one punched in column one. Return will be made
to the caller, only after columns 2.72 have bsen
normally processed, and the numeric value
punched in column one has been stored, as an
integer, in the only item in the list of the calling
sequence.

End-of-job card - Thie card, which consists of a
numeral two punched in column one, signifies to
SYMBLS that there is no more data to be processed
and that the caller wishes to terminate his run.

The routine will then transfer to EXIT.

In addition to the above described items, there are

certain internal controls that effect the running of
SYMBLS:
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Printing suppression - The appearance of the
characters *NOPRINT in columns 1-8 will
suppress the listing of succeeding cards on
the output tape, The appearance of *PRINT
in columns 1-6 will cause SYMBLS to resume
the listing of input cards on the output tape.
There is no need for 2 *PRINT card if you
want all your input listed, since SYMBLS is
normally in the listing mode. Anything may
appear on the rest of these two control cards,
but it will be entirely ignored.

On-line comment - The appearance of an *

in column one of a card will cause the entire
contents of this card to be printed off-line and
on-~line, as long as the card does not have
NOPRIin columns 2-6 or PRINT in columns
2-6. Data appearing on this card will not be
transferred to storage.

Off-line comment - The appearance of a $
any place in columns 2-72 will cause the rest
of this card to be printed off-line if the
*PRINT option is effective. Data appearing
after the $ will not be transferred to storage.
COMMON sym:hol - The appearance of
COMMONas a symbol on a card will cause
ensuing data to be stored in the FORTRAN
defined common area. This symbol can have

only single subscripts.

The only error which is caught by symbols is the nonexistence of a data

card symbol in the BCDCON generated table. All such errors encountered up to

and including the next transfer card will be indicated by both on-line and off-line

print-outs.
deleted.

After the first error is found, listing of the rest of the input will be

When the transfer card is encountered and checked, then the execution

of the program will be deleted and return made to the system.
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3) HDTAPE

This will write on a specified tape the hollerith card explained
above. The tape is specified by an integer, such as NUMTARP in the calling
sequence example. Since a one replaced the original H, the off-line printer will
restore the page, if under program control. If an H card was not read in by

SYMBLS the printer will merely restore a page.

Errors

The appearance of an illegal tape number in the calling sequence will
cause the same errors to be indicated as in FORTRAN decimal tape output

statements.
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4, INPUT

4.1 General Description

A description of the input routine, VFI, that is incorporated in the TOS deck
is given in Section 3. A brief review of the specific features used by TOS follows.

TOS generates a table of symbols versus core locations (via the input routine).
By using this table, the input routine reads a data item from the input tape, obtains
the location where the item is to be stored by finding the symbol punched on the
card in the table of symbols, and then stores the item in the proper location.
This process continues until a numeric punch in column one is encountered. At
this point, control is returned from the input routine to TOS, If a 1 is punched
in column one, computation will start. A 2 or greater will terminate the program.
Optionally, each card that is read is listed on the output tape. The input routine
is called following the completion of each problem; a new problem may be initiated
by merely entering the data items that are different from those currently stored.

The breaking character used to separate items on the cards is a blank.
Therefore, the way in which data is presented is completely variable as it appears
in column 2-72, with the exception that a symbol or a piece of data cannot be con-
tinued from one card to another.

Inniit itare nra Af twao catacAariac:e
—..t’“' - et A A St A N \JA v VY \/ \ok)u\'vs\.l& N W o

1) Core location defining symbols - A symbol is a set of up to six
characters. The symbol may be modified by a subscript. The
subscript appears to the right of the symbol., TOS uses only single
subscripts. Data following a symbol is stored sequentially starting

in the core location defined by the symbol, modified by the subscripf

if any.
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Data fields

a)

b)

c)

Floating -point numbers - These numbers are defined by the
appearance of a decimal point, or a decimal point and an E, in
the field. They can be negative or positive in value, as can
the integral exponent. If no sign separates E and the exponent,
or if these two items are separated by a single blank, a plus
sign is assumed. Three permissible forms are:

+ x, xxxxxxxE+xYY

® x, xxxxxxx+YY

* x, XXAXXKXXX
Aside from the optional blank after the E to denote a plus sign,
there must be no imbedded blanks. The decimal point can
appear anywhere in the field. All TOS input data must be
floating-point numbers except in the IGO block or where specif-
ically shown to the contrary.
Integers - These are defined by the lack of a decimal point in
the field. They can be negative or positive in value.
Alpha-numeric data - Two cards are associated with this
option. The first card must have an A in column one, and a
location defining symbol and a word count (1 to 12) anywhere in
columns 2-72. The second card, which must follow immediately,
contains the alpha-numeric data in desired format beginning 1in
column 1., After the number of words specified in the first
card has been processed and stored, the rest of the second
card is ignored. If more than 12 words are to be stored, each
additional group of 12 or less words must be entered by two

cards in the same manner.
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4. 2 Input Symbols

A number following a definition is a nominal value which need not be inputted

unless changed. These nominal values are incorporated as a convenience for the

user, but they are not necessarily recommended for use in all problems. The

input area of the program is initially cleared to zero, then the nominal values

stored. Once a nominal value has been changed it remains changed for succeed-

ing problems in the same sequence unless reset by input.

Symbol

CASENO(1)

CASENO(2) -

A ID(1) 3

VEL
GAMMA
BETA

H .
THETA
PHI

GS
GMASS
PAYOFF

STOP

STOPV
PRTINT
NIT

DPSQ
DPINC
DPDEC
PSIEG

Definition

Case number xxxxxxxx.

Iteration number xx. Set to zero before input is read for
every case.

18 characters of identification (e.g., engineer's name and
date) starting in column 1 of next card. )

Initial velocity magnitude in ft/sec.

Initial flight-path angle in deg.

Initial heading angle in deg.

Initial height in ft.

Initial co-latitude in deg.

Initial longitude in deg.

Reference area during glide phase in ftz.

Mass during glide phase in slugs.

Library number of payoff function. Sign of number deter-
mines whether to maximize (+) or minimize (-).

Library number of stopping function. + if the function is
to be increasing, - if the function is to be decreasing
when reaching the stopping value.

Stopping value.

Print interval for forward trajectory in sec.

Number of iterations desired; 0 implies forward trajectory

only.

Steepest-ascent step size (dP)Z.

Constant for increase of (dP)Z. 2.0
Constant for decrease of (dP)Z. 0.50
Constant dividing excellent and good values of ¥, 0. 85

4-3
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PSIGP Constant dividing good and poor values of ¥, 0. 85
PSIRJ Constant for reject of iteration based on V. 0.1
PHIGE Constant (> 1) dividing good and excellent &. 1,05
PHIEG Constant (< 1) dividing excellent and good &. 0. 85
PHIGP Constant dividing good and poor &. 0. 40
PHIRJ Constant for reject of iteration based on $. 0.1
NDELF Number of times |A & | < A &, before stop. 0.0
CDELM Minimum actual composite gradient. 0.0
DPSQM Minimum (dP)‘2 before stop. 0.0
KQC Constant for convective heating.
RQC Constant for convective heating,
NQC Constant for convective heating.
KQR Constant for radiative heating,
RQR Constant for radiative heating.
NQR Constant for radiative heating.
AHI Constant for altitude penalty function.
AH2 Constant for altitude penalty function,
AQD] Constant for heat-rate penalty function,
AQD2 Constant for heat-rate penalty function.
SLPE Sea level atmospheric pressure, 2116. 2
MU Gravitation constant in ft° /secz. 1,407698 x 1016
J Gravitation constant. 1. 62341 x 107>
RF Reference radius of earth for gravitational

expansion in ft. 20925631.
OMEGA Angular velocity of earth in radians/sec. 7.29211508 x 107°
RE Radius at equator of oblate spheroid in ft. 20926428.
RPC Radius at pole of oblate sphercid in ft. 20855965.
TLIM Time limit bound on forward trajectory in sec, 9999.
HLIM Height limit bound on forward trajectory in ft. 1.0 x 106
ORDA *Order of Adams-Moulton forward. 2.0
HMOMA *Initial step size forward in sec. 0.01
EUA >kUpper bound on Adams~Moulton error forward. 1.0 x 107°
ELA *Lower bound on Adams-Moulton error forward. 1,0x 1077

>'<Const:a.nts for JP MARK
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Symbol

HMAXA
HMINA
YCA
ORDB
HNOMB
EUB
ELB
HMAXB
HMINB
YCB
LAM

LAMT(1)

ALPHA(1)

ALPHA(51)

SIGMA(1)

SIGMA(51)

CON(1)

<
II
Definition
*Maximum step size forward in sec. 5.0
*Minimum step size forward in sec. 0. 005
*YCLOW forward. 0. 001
*Order of Adams-Moulton adjoint. 2.0
*Initial step size adjoint in sec. 0.01
*Upper bound on Adams-Moulton error adjoint. 1.0x 1073
*Lower bound on Adams-Moulton error adjoint. 1.0 x 10"5
*Maximum step size adjoint in sec. 5.0
*Minimum step size adjoint in sec. 0. n05
*YCLOW adjoint. 0. 001

LAMCOS-DO equal interval indicator. A number
between 2, 0 and 10, 0, LAMCOS-DO will be
performed this many times at equal intervals.

If 0. use LAMCOS-DO table, 10,
LAMCOS-DO table of up to 9 values of time in sec.
LAMCOS-DO will be performed at these times (if
LAM=0,). The times must be in increasing order
and if less than 9 values are used the last must be
0.0, If LAMT(1)=0.0, use LAM. 0.0
Nominal control variable program of o vs time.

Up to 50 values of time monotonically increasing
(may be =) in sec. There must be at least 2 values
and if 50 values are not used the end of the table is
indicated by a 0. 0. [See DELTA(!).]

Up to 50 values of o in deg.

Nominal control-variable program of ¢ vs time.

Up to 50 values of time in sec. [See ALPHA(1).]
Up to 50 values of ¢ in deg.

Library numbers of up to 8 constraints (see list

of payoff, stopping, and constraint functions). If
no constraints are desired put 0, in CON(1). If
less than 8 values are used the table is terminated
by a 0,

>FConstants for JP MARK
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Symbol Definition
SIT(1) Upper limits on constraints.
SIB(1) Lower limits on constraints,
EPS(1) Small tolerances on constraint limits.
EOST(1) End of stage times in sec. Three boost stages are

provided., If less than 3 stages, the table is terminated

by a 0.0, If only glide stage, set EOST(1) to 0. and

omit the next seven items on this input list. 0.0
AE(]l) Exit areas for up to 3 boost stages in ftzg
S(1) Reference areas for up to 3 boost stages in ftz.
IT(1) i for up to 3 boost stages in deg.
DT(1) 6, for up to 3 boost stages in deg.
TMT(1) Thrust and mass tables versus time for boost stages.

Up to 50 values of time in seconds., If less than 50, the
last must be 0, 0, There must be at least 2 values (if
the table is used) and they must be monotonically (may be

equal) increasing. This table is for all stages.

TMT(51) Up to 50 values of sea level thrust in lbs.
TMT(101) Up to 50 values of mass in slugs.
MCLCD(1) Lift and drag coefficients, CL and CD’ as a function of

mach number and . There are tables for 4 stages, the

3 boost, if any, and the glide stage. lst stage mach number
tables. Up to 10 values (monotonically increasing)

followed by 0. 0.

ACLCD(1) lst stage « tables in deg. Up to 25 values (monotonically
increasing) followed by 0. 0.

CL(1) Lift coefficient CL as functions of mach number and «a for
1st stage. The order of the CL table is with the mach number
varying first. CL(MI’ ozl), CL(M2y ozl), CL(M3, ozl),

Cp My, a5,
CD(1) Drag coefficients CD as functions of mach number and «

for 1st stage.

MCLCD(12) 2nd stage mach numbers,
ACLCD(27) 2nd stage «.
CL(151) 2nd stage CL’
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CD(151) 2nd stage CD’
MCLCD(23) 3rd stage mach numbers,
ACLCD(53) 3rd stage .
CL(301) 3rd stage CL'
CD(301) 3rd stage Cp.
MCLCD(34) 4th stage mach numbers.
ACLCD(79) 4th stage «.
CL(451) 4th stage CL.
CD(451) 4th stage Cp.
Notes: (1) The stages are numbered as they occur during the forward

trajectory. That is, for no boost stages, the glide stage is
the lst stage, and the other stages are not used. If 3 boost

stages, glide stage is the 4th stage.

(2) As an additional restriction, the number of values in the
MCLCD table for a particular stage times the number of
values in the ACLCD table for that stage must be less than
or equal to 150.

(3) Only positive values of « are needed; the relationships
CL(-oz, M)= - CL(a, M) and CD(—oz, M) = CD(a, M) are used.

(4) CL and CD are computed by bivariate linear interpclation
using SUBROUTINE CLCD.

wll(t) 0

0 le(t)

WT(l) Weighting matrix Up to 50 values of time in

seconds. If less than 50 the last must be 0.0. There must be
at least 2 values and they must be monotonically increasing

(may be equal). An identity matrix (i.e., w =W22=1‘ 0) implies

11
no weighting. This identity matrix is a nominal input in the program.

WT(51) Wyl

WT(101) o W,
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TAU(1)

TAU(51)
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Acceleration tolerance function. Up to 50 values of acceleration

in g's. If thessthan 50 the last must be 0,0. There must be
at least two values (if the table is used) and they must be mono-

tonically increasing (may be equal).

Time of tolerance,

Output Options:

PRTOPT(1)

PRTOPT(2)

PRTOPT(3)

PRTOPT(4)

0.0 implies print last acceptable control-variable table

1.0 implies print all control variable tables

0.0 implies punch no control-variable tables

1.0 implies punch last acceptable control-variable table,
2.0 implies punch all control wariable tables

0.0 implies no adjoint print

1.0 implies print adjoint solution

2.0 implies print adjoint solution and F and G matrices
0.0 implies do not punch complete input data

1.0 implies punch the complete input data

The nominal values for all output options are O,

PRTOPT(2) = 1.0 or 2.0 punches the control variable tables in the

format:

DELTA(1)

ALPHAX(1)
SIGMAX(1)

At between values in control-variable tables generated by
the program. This value is set to 0.0 just before the input

for a case is read. If a value # 0.0 is inputted it indicates

‘the control variables should be computed from these tables

rather than from the nominal control-variable tables, which
should be omitted from the input deck.
a in degrees (201 values)

o in degrees (201 values)

PRTOPT(4) = 1.0 punches the complete input for a problem in a

format that is compatible with the input routine for use in restarting the

problem, if required.
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The output of the forward trajectory,as well as the provision for blocks of

supplementary printout following the forward and adjoint trajectories, is con-

trolled entirely through input via subroutines OUT and ITEM., A knowledge of

subroutine QUT is necessary for an understanding of this input. A nominal

input for these blocks, as illustrated in Figure 4-1, gives a reasonable com-

plete printout that will prove useful for many problems.

A HFMT(1) 12

A DFMT(l) 12

IGO(1)
1IGO(2)
IGO(3)
1GO(4)
1IGO(5)
1GO(6)

A HFMT(41) 12
A DFMT(41) 12

IGO(86)
IGO(87)
1IGO(8])
IGO(89)
1IGO(90)
IGO(91)

A  HFMT(141)12

A DFMT(141) 12

IGO(171)

Format statement for title of forward trajectory.

Up to 40 words. Alpha-numeric data.

Format statement for data used in title of forward trajectory.
Up to 40 words. Alpha-numeric data.

Print indicator; set tol

Page title indicator; set tol

Number of lines produced by heading format

Number of lines produced by data format

Number of data items

Data item table for use with item function. See write-up
of subroutine OUT. All data in the IGO blocks are integers,
i.e., without decimal points. Up to 40 words or 20 items.
Format statement for column heading. Up to 100 words.
Format statement for data used with above heading.

Up to 100 words.

Print indicator; settol

Column heading indicator; set to 2

Number of lines produced by column headings.

Number of lines produced by data format

Number of data items

Data item table for use with ITEM function. Up to 80
words or 40 items.

Format statement for title of supplementary data printed
following forward trajectory. Up to 40 words.

Format statement for supplementary data printed following
forward trajectory. Up to 40 words.

Print indicator; set to 1 if data are to be printed,

otherwise to 0.

4-9
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IGO(172) \ Use similar to IGO(2) . . . IGO(6) except for supplementary
.o data following forward trajectory. Up to 80 words or 40
IGO(176) items.
A HFMT(181) 12)
A DFMT(181)12
1GO(256) ySame as preceding items except for data printed following
adjoint trajectory.
IGO(261)

Each item is composed of 2 integers, (I,J). J refers to
the Jth labelled common while I refers to Ith item in the
Jth labelled common.
TOS has 4 main labelled common areas which are des-
cribed in Appendix 3:

1. COMMON / INPUT /

2. COMMON / VAR [/

3. COMMON / ANAL /

4, COMMON / IVAR /
For example, in Figure 4-1 the intergers 196 2 following
IGO(91) indicate that the independent variable t, the 196st
item in the 2nd labelled common block will be the first item

of data printed.

4.3 List of Payoff, Stopping, and Constraint Functions

Number
0

O 0 O W

null

t - independent variable, time in seconds
u - component of velocity in ft. /sec.

v - component of velocity in ft. /sec.

w - component of velocity in ft. /sec.

r - radial distance in ft.

6 - colatitude, in deg.

¢ - longitude in deg.

heat

acceleration penalty function

4-10
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A HFMT(1) 12
A HEMT(13) 12
EORWARD._TRAJECTORY CASENO___ITNO )
A DEMT(1) 12 Y2
192X 4FB.0sFT.1,2X,s3A6])
A HFMT(41) 12 ™
{1l6H0 TIME VEL GAMMA BETA H THETA PHI b1
A HFMT(53) 12
ETAs____ PHIs MU NU ALPHA  SIGMA __/ M3)
A HEMT(65) 12
_114H SEC___ FI/SEC._ _DEG DEG ET DEG DEG _ DEG
A HEMT(TT) 12 )
DEG DEG DEG  DEG DEG /7
A HFMT(89) 12 A
129K ACCESL DYN PRESS ENERGY HEATY ACCEL PF
A HFMT(101) 12
ALT PF HT_RT_PE cL __CD __MACH _____HC _ RGERR / &4)
A HEMT(113) 12
119H GS LB/ETs22 FI-18
A HEMT(125) 12 J
. SEC )
A DFMT(41) 12
L F.2F3e132F8.2:F10.05s8F9.3 7/ F18.2,1P6F12.4,0P2FB8.3,F7.2,F7.3, 5)
A DFMT(53) 12
El1.3 )
I60(1y 1 1 1 1 5 —(6)
IGO(6) 1 1 2 1 3 1 4 1 5 1 '—gg;
160(86) 1 2 6 3 25 -
I1G0{91) 196 2 24 2 184 2 183 2 202 185 2 186 2 182 2 181 2
179 2 180 2 11 2 12 2 63 2 187 2 188 2 204 2 205 2 206 2 207 2 :}(9)
2

b 2 67 2 28 189 2 190 2

IGo{171) O
160256} . 0 . .

—(10)
—(11)

*EXPLANATION:
(1) Page title
(2) Format for data on line following title
(3) First two lines of column headings; third line is blank
(4) Second two lines of column headings
(5) Format for two lines of data at each print time
(6) Control for page title
(7) Data table for line following title
(8) Control for columns of data
(9) Data table for columns of data
(10) Control for printout following forward trajectory
(11) Control for printout following adjoint trajectory

Figure 4-1. Typical Input for Control of Printout

4-11
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Number

10
11
12
13
14
15
16
17
18
19
20
21
22
23

i1

altitude penalty function
heat rate penalty function
null

null

p - coordinate angle in deg.
v - coordinate angle in deg.
9% - coordinate angle in deg.
¢* - coordinate angle in deg.
h - altitude in f{t.

VT - velocity in ft. /sec.

E - energy in ft. -1bs.

v - flight path angle in deg.
B - heading angle in deg.

dynamic pressure in lbs. /ft.

4-12
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5. OUTPUT

5.1 Input

The input cards are listed by the input routine as they are read, if the
print option of VFI is operative. The main program provides for the printing
of the entire input applicable for the case, at the start of the case. Print
option 4, PRTOPT(4), controls the punching of cards giving the entire input.
If PRTOPT(4) = 0, no cards are punched; if PRTOPT(4) = 1, the entire input

is punched for use in restarting the case.

5.2 Forward Trajectory

The output from the forward trjectory is entirely flexible as it is con-
trolled through input. Section 4.2 of this report describes the format for this
input. SUBROUTINE OUT is the routine which controls this output.

5.3 Adjoint Trajectory

Print option 3, PRTOPT(3), controls the output of the adjoint trajectory.
If PRTOPT(3) = 0.the adjoint print output is omitted completely. PRTOPT(3)
= 1. prints the ad oint differential equations, and PRTOPT(3) = 2 prints the

adjoint differential equations, their derivatives, and the F and G matrices.

5.4 Analysis
At the end of each forward trajectory,data concerning the payoff and
constraint functions are printed together with measures of performance of the

steepest-ascent convergence process and related information.

5.5 Control Variable Programs

The control variable output is controlled through print options 1 and 2,
PRTOPT(1l) and PRTOPT(2). If PRTOPT(1l) = 0. only the control variable
programs associated with the last acceptable trajectory are printed. If
PRTOPT(1)
PRTOPT(2)
PRTOPT(2) = 2.punches all acceptable control variable programs. The

1, all acceptable control variable programs are printed. If

L the last acceptable control variable program is punched.

control variable programs are punched in a form acceptable to the input rou-
tine and when the cards are used, they will override any nominal control pro-

grams. PRTOPT(2) = 0. eliminates this punching.

5-1
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5.6 Miscellaneous Data

At the conclusion of the forward and adjoint tra jectories, the user may
elect to have any data then in storage printed out. The format for this print

out is controlled through input; see Section 4. 2.
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6. SYSTEM INFORMATION

6.1 Language
TOS is primarily written in FORTRAN IV for 32K 7090/7094 IBSYS.

6.2 Overlay
TOS uses the overlay feature of IBSYS. The deck arrangement is as
follows:

(LINKO)

TOS

CLD

PRL

FCT

EMK

CLR

TML

MVL

LINI
BLN1
ATMI1

MIV

SMK1
MARK

(LINK1) (LINK2) (LINK3)
PIN STE ADT

CFI ITM

OouT

SFR

6.3 File Specification for Scratch Tape

The file specifications for the scratch tape, logical 8, are

FILE, B(l), BIN, BLK = 256, INOUT, READY
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7. RESTRICTIONS

There are several'singularities” in the equations of motion. The colatitude,
6, and the velocity VT, must never equal zero during the entire trajectory. The

flight path angle, vy, must never equal 90 degrees.

The control variable programs are limited to 201 equal-time-spaced values
for each o and ¢ because of storage consideration; consequently, problems to
be solved are restricted to trajectories where sufficient accuracy can be ob-

tained using 201 values for each of these variables.
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8. PROGRAM LISTING

A complete listing of the TOS program is given on the

following pages.

Routine Page
TOS .« « . 8-3
PIN .« « « B8-13
STE . « . 8-20
ADJ . . . B8-28
CLD . « . 8-39
PRL . . . 8-40
FCT . « . 8-42
SFR . . . 8-45
I™ . .« . 8-47
TML . « . 8-49
MVL . +« . 8-50
MIV . . . 8-51
ouT . « . 8-53
VF . . . 8-55
MARK . . . 8-70
CLR . . . 8-100
EMK . . . 8-101
UNS8 . . . 8-102
SMK1 .« « « 8-103
ATM1 . . . 8-107
BLN1 . . . 8-112

LIN1 . « « 8-=115
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~ TOS 9 23 SEPT 64 T0S
. SIBFTC TOS
~ C TITLE TRAJECTORY OPTIMIZATION STUDY (7094)
. ! c
C PURPOSE MAIN PROGRAM
~ ¢
- C NOTES FORTRAN 1V
C
. C COMMDODN FOR ALL PROGRAMS
{ c

COMMON /7 INPUT / CASEND(2),ID(3)¢XVT,XGAMMD,XBETAD,XH, XTHETD,
~ 1XPHID,GS,GMASS,PAYDFF,STOP,STOPV,HP,AIT,XDPSQ,A11,A12,A21,
‘ 2AR2,A31,A32,A33,DELF,CEHIM,DPSQM,K1,R1,N1,K2,R24N2,AHLl,AHZ,
3AHR1, AHR2,LAM,SLPE;MU4RF,GJ,OMEGA;RE RPC 4 TLIM,HLIM,
4A23,A34,0RDA, HNOMA, EUA, ELA;HMA XA ,HMINA, YCA,
50RDB, HNOMB, EUB,ELB, HMAXB, HMINB ; YCB
COMMON / INPUT /7 ANTABX(100),SNTABX(100),CON(8),SIT(8B),SIB(8B),
1EPS(8),EOST{4), AE{3),REFA(3),IT(3),DT{3),TMTAB{150),TAUTAB(100),
L 2WTAB(505,3),MTAB(11,4),ATAB(26,4),CLTAB(150,4),CDTAB(150,4),DELTA,
3ATABX{201),STABX{201),LAMTAB(9) ,PRTOPT(4) ,INPUTX(10)
COMMON / INPUT / HFMT(220),DFMT(220),160(340)
REAL K14N1,K2,N2,1TsMU,;LAM,LAMTAB
COMMON / VAR / RADIAN,Dl0,D11,D12,D13,D14,D20,D30,D31,D32,
1ALPHD,SIGMD, ALPHRy SIGMR yCSIGMs SSIGM,CTHET STHET,R,H, VHSQ,
2VTSQyVHyVT; PEA,RHO, SOFS,MACH,MASS, THs THR,COSIT,SINIT,COSDT,
3SINDT s THRX s THRY s THRZ yCALPH,SALPH,C1,C24C3,4C44C5,C6 s THRR, THRT,
4THRP ¢S 9 X19.X29X39 X4y X54X63 XT9XByX9,RSQyR4TH,SQRHOH,ACELG,TAU,
STIMEH,CL,CD, TFINAL,B56,858,PEH,RHOH,SOFSH,PEL ,RHOL,SOFSL,
6DPERHy DRRHy DSRHy CLHM(CDHM o CLLM,COLM,PCLRM,PCDRM,DRPRT,B10,
7820,821,830,831,B840,B41,850,851,B852,B53,B854,855,B857,B60,+8B61,
N 8B62,870,871,881,882,B890,B91,892,893,8100,B101,8102,8103,B104,
9R3RD,R5TH,VT3,B200,B8201,VH3,B202,B204,PTRRU,PTTRU,PTPRU
COMMON /7 VAR / PTRRVPTTRY,PTPRV,PTRRW,PTTRWPTPRH,PTHRH,
.. LPTXRH,PTYRHyPTZRH,B300,8301,B8302,PTRRR,PTTRRyPTPRR,B404,
2B405,B8400,SCLCD,DTRA,B401,B402,B403,B406,B407,PTRRA,PTTRA,
3PTPRA;PTRRSyPTTRSyPTPRSyE14E24E34E4+ES5:E6,CLAL,CDAL,CLAH,
4CDAHy PCLRA,PCDRA4B130y8131,PTRGySTRGyDTRG,GTRGSRAT,
SMUDyNUD,PHISD,THETSD,BETAD GAMMAD  THETD ,PHID,DYNA,ENER, ASTRG
COMMON / VAR / SFRM(1500),6L(9,2,201),ATABS(201),STABS(201),
S LPARTSH 141, PARTCU14),CADJI(649)sF(696) sCFL64:6) 26(642),C6(6,2)
COMMON / VAR / LAMP(9),VARX(25)
s REAL MACH,MASS,LAMP
. COMMON / ANAL / HIL,HIS,SIA(8),SIAS(8),SIE(8),SIES(8),CSIA,
1CSIAS,CDSIP,CDSIA,CRDSI,CHIAyCHIAS,COHIA4CDHIP+CRDHI,DSIA(8]),
2RDSI(8)sDHIA,DHIP,RDHI 4OP s EHI sCEHI INTGL(9,9) s IHH,ISH(8),
5 3ISS(848),MT(2,2),F1,F2,SID(8B),SFC,DSI(8),DSIJ,DBETA(8B),
415S1L(8,8),0PSQ,DPSQK, IHHK,ISHK(8) ,155K(8B,8),
5ISSILK(8,8),DBETAK(8),STVRS{12,9),LAMBDA(6,8,9) 4SFCK,F1K,
6F2K
REAL INTGL, IHH, ISH, ISS, ISSILsINTOGLK IHHK s ISHKISSK,ISSILK,
N 1LAMBDA
* COMMON 7 IVAR / JTAPE,KTAPE,LTAPE,ITN,ITTN,ISTAGE,NC,
INT 9 NRTNoNTRG,KACC KA KS,NIF,NG,L{8},LS(8)
EQUIVALENCE(SFRM{2000) ,NORA{2000) sHNA(1997) ,NEQA(1996]),
1TIMEA{1995)},U(1993),V(1992),W{1991),RX(1990)},THETR(1989),
2PHIR(1988),PA(1987),PB(1986),PC{(1985),PD(1984),PE(1983),
3PF(1982),U1(1981),V1(1980),W1{1979),RX1{1978),THETRL{1977)},
o 4PHIR1{1976),PA1(1975),PB1(1974),PC1(1973),PDL(L972),PEL(1971),

™
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SPF1L{1970))

DIMENSION ADJ(699)y DADJ{6,9)
EQUIVALENCE(SFRM(2000),NORB{1981);HNB{1978) ,NEQB(1977),
1TIMEB{1976),ADJ(1974),DADJ(1920))

DIMENSION STVR({12)

EQUIVALENCE{STVR(1},U)

END OF COMMON FOR ALL PROGRAMS

COMMON 7/ FORW / STRAJ120,13)
DIMENSION FNAME(25)

DATA FNAME / 150HNULL TIME U v W R THETA PHI
1EAT ACELPFALTPF HTRTPFNULL NULL MU NU THETA=PHI* H
2EL ENER GAMMA BETA DYN /

DATA MINyMAX / 3HMIN, 3HMAX /

PRTOPT(1) PRINT CONTROL TABLES 0.=LAST, l.=ALL
PRTOPT(2) PUNCH CONTROL TABLES O.=NONE,1.=LAST,2.=ALL
PRTOPT(3) ADJOINT PRINT 0.=NONE,1.=ADJOINT ONLY,2.=ALL
VALUES SET FOR ALL CASES

CONTINUE

CLEAR STORAGE AREAS CALL CLEAR(FROM,TO,FROM,TO,ETC)

CALL CLEAR(CASENO{1),IGO(340),RADIAN,VARX(25) 4HI,F2K,JTAPE,LS(8))

RADIAN=57.2957795
NIF IS THE NUMBER OF CONTROL VARIABLE POINTS SO AS TO GIVE 200
EQUALLY SPACED POINTS ALONG THE TRAJECTORY

JTAPE = PRINT OUTPUT TAPE
KTAPE = PUNCH OUTPUT TAPE
= BUFFER TAPE

LTAPE=8
NOMINAL VALUES FOR CERTAIN VALUES OF INPUT
All=2.0
Al2=.50
A21=.85
A22=.40

A23= .1
A31=1.05
A32=.85
A33=,40

A34=,1
DELF=0.0
CEHIM=0.0
DPSQM=0.0

LAM = 10.
SLPE=2116.2
MU=1,.407698E16
RF=2.0925631E7
GJ=1.62341E-3
OMEGA=T7.29211508E~5
RE=20926428.
RPC=20855965.
TLIM=9999,
HLIM=1000000.
ORDA=2.0
HNOMA=.01

02

~



2N

~
o

™

~

708 9

10

1000

1010

1020
1030
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EUA=1.E-5
ELA=1.E-7
HMAXA=5.0
HMINA=. 005
YCA=.001
ORDB=2.0
HNOMB=.01
EUB=1.E-3
ELB=1.E-5
HMAXB=5.0
HMINB=.005
YCB=.001

DO 10 I=1+4
PRTOPT{(:1}=0.0

SUBROUT INE PRNTIN READS AND PRINTS INPUT

RETURN FOR NEXT CASE

CALL PRNTIN

VALUES SET FOR EACH CASE
ITN=0

NIT=AIT

NDELF=DELF

KA=1

IF( XDPSQ .LT. 0.0 ) KA=2
DPSQ=ABS(XDPSQ)
AM=SIGN(1.0,PAYOFF)

DO 1010 I=1,8

SIA(I)=0.0

SIAS(d)}=0.0

SIE(I)=0.0

SIES(1)=0.0

SID(I)=0.0

DS1 (*:*I:)=G.0

DBETA{1)=0.0

LS{:1)=0

L{I)=0

DETERMINE NUMBER OF CONSTRAINTS
NC=0

DO 1020 I=1
IF{CONLTI) .
NC=NC+1
Lil)=1
CONTINUE
NT=NC#+1
TERMS CONSTANT FOR ENTIRE CASE
D10=MU=GJ2*RF=a2

DI1=4x02D10

D12=840+D10

D13=6:%0#D10

D14=2.02D10

D20=2.0#MU

D30=0OMEGA#%2

D31=2.0s0MEGA

D32=2.0+D30

SEYT UP LAMCOS—-DO TABLE LAMP
LAMP(I)#TFINAL ARE TIMES FOR LAMCOS-DO
IF(LAM .EQ. 0.0) GO TO 1072

IF(LAM .LT. 2.0) LAM=2.0

+ 8
£EQ. 0

==

0) GO YO 1030

T0S

03
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1071

1072
1073

1075

1076
1077

2000
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OO0

4000

(@]

4010

4015
4020
4030

4040

4043
4046

4050
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IF(LAM .GT. 10.0) LAM=10.0

DO 1071 I=1:9

LAMP( I)=AINT({FLOAT(I}/LAM + .001)#100.)/100.

IF(LAMP({I} .GT. .98) LAMP(I}=0.0

CONTINUE

G0 TO 1077

DO 1073 1=1,9

LAMP({ 11=0.0

THE VALUES IN LAMTAB TABLE MUST BE IN INCREASING ORDER

pO 1075 I=1,9 |

LAMP{ I}=AINT(LAMTAB(I)/TFINAL*#100,)/100,
IF(LAMP(I) .GT. .98 .OR. LAMP(I) .EQ. 0.0) GO TO
COGNTINUE

GO0 TO 1077

LAMP( 1}=0.0

CONTINUE

1076

SUBROUT INE STATE COMPUTES THE FORWARD TRAJECTORY
CALL STATE{NF)

NF ERROR INDICATOR 1=0K,2=ERROR

IF ERROR GET NEXT CASE

GO T0(4000,1000),NF

ANALYZE FORWARD TRAJECTORY

CONTINUE

HEADINGS FOR ANALYSIS SECTION
WRITE{JTAPE,9050) CASENO,ID
WRITE(JTAPE,9051)

MINMAX=MIN

IF(AM oGT. 0.0) MINMAX=MAX

FUNCTION FUNCT COMPUTES PAYOFF AND CONSTRAINT FUNCTIONS
HI=FUNCT(PAYOFF)

IFINC -.EQ. O) GO TO 4030

DO 4020 I=14NC

SIA(I)=FUNCT(CON(I))

IF(STA(I) .LT. (SIT(I)+EPSI(I))) GO TO 4010
SIE " +i=SIA(I)=-SIT(I)

GO 70 4020

IF(SIA(I) .GT. (SIB(I)-EPS({I))) GO TO 4015
SIE(I)=SIA(I)-SIB(])

GO 7O 4020

SIE(I)=0.0

CONTINUE

IF(ITN .NE. 0) GO TO 4060

ZERQTH ITERATION
I=ABS{PAYOFF) + 1.0
WRITE{JTAPE,9052) MINMAX,
IF{NC .EQ. 0) GO TO 4046
WRITE(JTAPE,;9053)

DO 4043 I=1,4NC

J=CON{I) + 1.0
WRITE(JTAPE,9054) FNAME(J),SIA(I),L(I),SIT(I),SIB(I)
CONT INUE

IF ZERO ITERATIONS GO TO NEXT CASE

IF(NIT .EQ. 0)GO TO 1000

KACC=1

FNAME (1) 4HI
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4060

4061

4070

4071

4072

4080

4081

4090

4094
4100

ZEROTH LTERATION - GO DIRECTLY TO ADJOINT
GO TO 6010

CONTINUE

NOT ZEROTH ITERATION

IF(NC .EQ. O) GO TO 4080

ANY CONSTRAINTS APPLICABLE

DO 4061 I=1,NC

IF(L{A) NE. 0)GO TO 4070
CONTINUE

GO TO 4080

CONSTRAINTS APPLICABLE

CSIA=0.0

CSIAS=0.0

DO 4071 I=1,NC
CSIAS=SIES{I)=%2/1SS(LyI1)}+CSIAS
CSIA=SIE{1)#=2/1SS({1,1)+CSIA
CONTINUE

CSIAS=SQRT(CSIAS)
CSIA=SQRT(CSIA}

CDS IP=-SFC#CSIAS
CDSIA=CSIA-CSIAS
CRDSI=CDSIA/CDSIP
CHIAS=HIS-TMAML(ISH,ISSIL,SIES,L)
CHIA=HI-TMAML{ ISH, ISSIL,SIE,L)
COHIA=CHIA-CHIAS

IF(F1 .EQ. 0.0)GO TO 4072

CDHIP=AM*SQRT( (DPSQ—-TMAML (DBETA,ISSIL,DBETA,L))

1#{IHH - TMAML{ISH,ISSIL,ISH,L)))
CRDHI=COHIA/CDHIP

GO TO 4090

COHIP=0.0

CRDHI=0.0

GO TO 4090

CSIA=0.0

IF(NC .EQ. O0) GO TO 4082

DO 4081 I=1,NC
CSIA=SIE(I)»=2/1ISS(I,I)+CSIA
CSIA=SQRT(CSIA)

CDSIP=0.0

CDSIA=CSIA

CRDSI=0.0

CHIA=HI

CHIASEHIS

CDHIA=CHIA-CHIAS
COHIP=AM=SQRT(DPSQ#IHH)
CRDHI=CDHIA/CDHIP

CONTINUE

IFINC .EQ. 0)GO TO 4100

DO 4094 I=1,NC
DSIA(1)=SIA(I)-SIAS(I)
ROSTI(sI}=DSIA(I)/DSI(I)
CONTINUE

DHIA=HI-HIS
DHIP=COHIP+TMAML(ISH,ISSIL,DBETA,L)
ROHI=DHIA/DHIP
DP=SQRT(DPSQ)
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EHI=DHIA/DP

CEHI=CDHIA/DP

I=ABS{PAYOFF) + 1.0

WRITE{JTAPE;9055) MINMAX,FNAME(I),HIS,HI DHIP,DHIA,RDHI

IF( NC -EQ. 0) GD TO 4121

WRITE(JTAPE;9053)

DO 4120 I=1,NC

J=CON(1) + 1.0

WRITE(JTAPE,9056) FNAME(J),SIAS(I),SIA(I),L(I),DSI(I),DSIA(L),

IRDSI(I) s SITLI)SIBL{I)SIES(I),SIE(])

CONTINUE

CONTINUE

WRITE(JTAPE;9057) CHIAS,CHIA,CDHIP;CDHIA,CRDHI
IF{NC .EQ. 0) GO 70 4125

WRITE(JTAPE,9058) CSIAS,CSIA,CDSIP,CDSIA, CRDSI
WRITE(JTAPE;9059) IHH
IFINC -EQ. 0) GO TO 4130
WRITE(JTAPE,9060) (ISH(I),
WRITE{JTAPE;9061)
DO 4127 I=1,NC
WRITE{JTAPE, 9062)
CONTINUE
WRITE(JTAPE; 9063)DPSQySFC,EHI,CEHI

I=1,NC)

(ISS(I5J)5J=1,NC)

CHOOSE NEW DPSQ AND CHECK FOR STOPS

KS=1

KACC=1

KA=1 VARIABLE DPSQ, KA=2 FIXED DPSQ
GO T0(5010,5230)4KA

VARIABLE DPSQ

IF(F1L .GT. 0.0) GO TO 5020

USE PSI PERFORMANCE INDICATOR
NDEL=0

IF{CRDSI .GE. A21) GO TO 5200
IF(CRDSI .GE. A22) GO TO 5210

GO 7O 5300

USE PHI PERFORMANCE INDICATOR

IF{ CRDHI .LT. A33) GO 7O 5300

IF{ ABS(CEHI) .GE. CEHIM) NDEL=-1
NDEL=NDEL + 1
IF(CRDHI .LT.
IF{CRDHI .GE.
INCREASE DPSQ
DPSQ=A11+#DPSQ
SAME DPSQ
ACCEPTABLE ITERATION - CHECK FOR STOPS
IF( NDEL .LE. NDELF ) GO 70 5230

KS=3

GO TO 5400
IF(OPSQ .GT.
KS=4

GO TO 5400
IFINIT .LE.
GO TO 5400
DECREASE DPSQ
DPSQ=A12»DPSQ

A32) GO TO 5210
A31) GO TO 5300

DPSQM) GO TO 5230

ITN) KS=2

o
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IS TRAJECTORY ACCEPTABLE

IF(F1 .GT. 0.0) GO TO 5310
IF(CRDSI .GT. A23) GO TO 5210

GO TO 5320

IF(.CRDHI .GT. A34) GO TO 5030
UNACCEPTABLE TRAJECTORY

KACC=2

IF(OPSQ .LT. «01%DPSQM) KS=5
IFCITAN .GE. 5) KS=6
WRITE{JTAPE, 9064)DP SQ4KS,KACC 4KA
GO TO{6000,5403,5403,5403+45408,5408).+KS

KS=1 DO NOT STOP

KS=2 REQUESTED NUMBER OF ITERATIONS COMPLETE

KS=3 COMPOSITE GRADIENT LESS THAN MINIMUM VALUE FOR NDELF
ITERATIONS

KS=4 CURRENT ITERATION ACCEPTABLE BUT NEW DPSQ LESS THAN DPSQM

KS=5 CURRENT ITERATION UNACCEPTABLE AND DPSQ LESS THAN
-01=DPSQM

KS=6 TRIAL ITERATION COUNT .GE. 5

LAST ITERATION ACCEPTABLE
WRITE{JTAPE,9065) CASENOD,ID
WRITE{JTAPE,9015) DELTA
WRITE(JTAPE,9013)

WRITE{JTAPE,9011) (ATABX(L)},I=1,NLF)
WRITE{JTAPE;9014)

WRITELJTAPE,9011) (STABX(I)},I=1,NIF)
IF(PRTOPT(2) .EQ. 0.0} GO YO 1000
PUNCH 9010,CASEND,DELTA

PUNCH 9013

PUNCH 9012, (ATABX(1),I=1,NIF)

PUNCH 9014

PUNCH 9012, (STABX(I)yI=1,NIF)

GO 70 1000

LAST JITERATION UNACCEPTABLE RECOVER CONTROL TABLES
DO 5412 I=1,NIF
ATABXAI)=ATABS(I)=RADIAN
STABX{1)=STABS(1)#RADIAN

GO TO 5403

KACC=1 LAST ITERATION ACCEPTABLE,KALC=2 NOV ACCEPTABLE
CONTINUE

GO T0{6001, 7030),KACC

ITERATION ACCEPTABLE

IF(PRTOPTI1) .EQ. 0.0) GO TO 6004
PRINT CONTROL VARIABLE TABLES
WRITE{JTAPE,9065) CASENDO,ID
WRITE{JTAPE,9015) DELTA
WRITE{JTAPE,9013)

WRITE{JTAPE,9011) (ATABX(I),I=1,NIF)
WRITE{JTAPE,9014)

WRITE{JTAPE,9011) (STABX(I)sI=1,4NLF)
CONTINUE

IF(PRTOPT(2) .LT. 2.0) GO TO 6006
PUNCH 9010, CASENO,DELTA

PUNCH 9013

PUNCH 9012, {ATABX(I),I=1,NIF)

PUNCH 9014

PUNCH 9012, (STABX(I1)sI=1,4NIF)

8-9
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6006 CONTINUE

c SUBROUTINE ADJNT COMPUTES ADJOINT TRAJECTORY
6010 CALL ADJNTINF)
c NF=1 ADJOINY OK 2= ADJOINT ERROR
GO TO(7020:1000)¢NF
c
c
c THIS SECTION COMPUTES NEW CONTROL VARIABLES AND RETURNS TO COMPUTE
C A NEW FORWARD TRAJECTORY
C ITERATION ACCEPTABLE
7020 ITN=ITN+1
ITTN=0
CASENG{ 2i=AINT{CASENO(2) + 1.0}
HIS=HI

IF{NC -NE. O} GO TO 7024

7021 Fi=DPSQ
F2=SQRT{DPSQ/IHH)

SFC=0.0
GO TO 7329

7024 DO 7025 I=14NC
L(I)=0
SIAS{I)=SIA(])
SIES(I)=SIE(])

IFU STAGI) GE. (SIT(I) + EPSI(I)
IF{ SIA(1) .LE. (SIB(I) - EPSI(I)
G0 TO 7025

7023 L(I)=1

7025 LS{I)=L{1)
GO TO 7090

c ITERATION UNACCEPTABLE

7030 ITTIN=ITTN+1
CASENO( 2)=CASENO{2) + .1
IFINC .EQ. 0O) GO TO 7021
DO 7031 I=1,NC

7031 L{I)=LS(I])

7090 DO 7091 I=1,NC

7091 SID(Y)=-SIES(1)

7092 CAL. MINVL(ISS:ISSIL,L)
TEMP=TMAML(SID,ISSIL,SID,L)
F1=DPSQ-TEMP
SFC=1.0
iFIF1 -.GE. 0.0) GO TO 7100
SFC=SQRT(DPSQ/TEMP)

F1=0.0

7100 DO 7101 I=1,:;NC

7101 DSI(1)=SFC=SID(1)
F2=SQRT(F1/( IHH-TMAML(ISH,ISSIL,ISH,L)})))

c ARE THERE ANY INACTIVE CONSTRAINTS
DO 7145 I=1,NC
IF (L4I) .EQ. O0)GO TO 7150

7145 CONTINUE

}) GO TO 7023
)) GO YO 7023

C NO-ALL ACTIVE
GO TO 7320
C ONE OR MORE CONSTRAINTS INACTIVE
7150 KCI=1

DO 7240 I=1,4NC
IF(L{I) NE. 0)GO TO 7240
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DSIS=AM#F2& ( ISH{ I)-TMAML(ISS(1,I),ISSIL,ISH,L)})
1+TMAML( ISS{1,1)4 ISSIL,DSI L)
IF({SIAS(I)+DSIJ) LT, (SIT(I}+EPS(I))IGO TO 7200
SID(I)=SIT(I}-SIAS(I)
LiI)=1
KCI=2
GO TO 7240

7200 IF(SIAS{I) + DSIJ .GE. (SIB(I)-EPS(1))) GO TO 7230
SID(I)=SIBLI)-SIAS(I)
L{I)=1
KCI=2
GO T0 7240

7230 DSI(1)3DSIY

7240 CONTINUE
KCI=1 NG CONSTRAINTS BECAME APPLICABLE KCI=2 YES
GO TD (7300,7092), KCI

7300 CONTINUE

7320 DO 7321 I=1,NC

7321 DBETA{1)=DSI(I)

7329 DO 7330 I=1,NIF
TIME=FLOAT(I-1)=DELTA
CALL MULG(S50yNERRyTIME,WTAByWT(1,1),WTAB(1,2),WT(2,2),WTAB(1,3))
ATABXCI)=AM#F2/WT{1, 1)#(GL{1,1,1)-TMAML(GL{2451,I),ISSIL,ISH,L))
1+TMAMLEGLE 2,15 1)5.ISSIL,DBETA L) /WT(1,1) + ATABS(I)
ATABX{I1)=ATABX(I)=RADIAN
STABX{I)=AM#F2/WT(252)2#(GLEL92,1)-TMAML{GL(2+241),ISSIL,ISH,L))
1+TMAMLIGL( 2525 1) ISSIL,DBETA,L)/NT(2,2) + STABS(I)
STABXA1)=STABX{I)*RADIAN

7330 CONTINUE 3
ADDITXIONAL OUTPUT AT END OF ADJOINT TRAJECTORY
CALL BUT(I1GO(256),HFMT{181),DFNT(181))
RETURN TO COMPUTE NEXT FORWARD TRAJECTORY WITH NEW CONTROL TABLES
GO TO 2000
FORMAY STATEMENTS \

9010 FORMAT{10H CASENO(1l) F10.0,Ff10.1,5X, 8SHDELTA(l) F10.6 )

9011 FORMAT( 11F12.5)

9012 FORMAT{ 6F12.5)

9013 FORMAT{ 10H ALPHAX{(1) )

9014 FORMAT( 10H SIGMAX{1l) )

9015 FORMAY( 9HODELTA(1l) F10.6 )

9050 FORMAY{ 107H1 RAYTHEON THREE-DIMENSIONAL TRAJECTORY OPTIMIZATION P

1ROGRAM TOS9 ANALYSIS CASENO ITNO 7/
292X FB.0sFTol;2Xs.3A6)

9051 FORMAT( 1HO 26X,.104HOLD NEW STATUS PREDICT AC
1TUAL RATIO HI LIM LOW LIM OLD ERROR NEW ERROR )

9052 FORMAT({ 8HO PAYOFF 2X, A3, 1X, A6, E26.6)

9053 FORMAT{ 13HO CONSTRAINTS )

9054 FORMAT{ 14X;Ab6, E26.6y I3y E4T7.4y E12.4)

9055 FORMAT{ 8HO PAYOFF 2X,A3,1X,A6,2E13.6,6X,2E12.5,F8.2)
9056 FORMAT{ 14X, A6, 2E13.6, I3, 3X, 2E12.4, FB8.2y 4E12.4 )
9057 FORMAT{ 11HO PHI INDEX 9X, 2E13.6, 6X, 2E12.4, FB.2)
9058 FORMAT{ 11HO PSI INDEX 9X12E13.646Xy 2E12.4, FB8.2)
9059 FORMAT{ 12HO I PHI PHI E12.5)

9060 FORMAT{ 12HO I PSI PHI 8El12.5)

9061 FORMAT( 12HO I PSI PSI )

9062 FORMAT( E24.5,7E12.5)

9063 FORMAT{ 14HO CURRENT DPSQ E16.5 / 5H SFC: E25.5 /7 13H PAYOFF GR

8-11
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1AD E17.5 / 16H PHI INDEX GRAD El4.5

9064 FORMAT{10H NEW DPSQ E20.5
14H KA 16 )

/7 44 KS

)

16/ 6H KACC I4

T0S

/

10

9065 FORMAT( 107TH1 RAYTHEON THREE-DIMENSIONAL TRAJECTORY OPTIMIZATION P
1ROGRAM T0S9 CONTROL VARIABLES

292X, FB.0sFT7.142X4.3A6)
END

8-12
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SUBROUTINE PRNTIN
COMMON FOR ALL PROGRAMS

COMMON / INPUT / CASENO(2),ID(3)4XVT,XGAMMD,XBETAD,XH, XTHETD,
IXPHID; GSy GMASS s PAYOFFSTOP,STOPV,HP,AIT,XDPSQ;A11,A12,A21,
2A22,A31,A32,A33,DELF,CEHIM,DPSQM¢K1,R1,N1,K24R2,N2,AHL,AH2,
3AHR 19 AHR2,L AMy SLPE,MUsRF G OMEGARE yRPC 4 TLIM,HLIM,
4A23,A34,0RDA; HNOMA; EUA, ELA HMAXA ;HMINA;YCA,

SORDBs HNOMB, EUB,ELB,HMAXB,HMINB, YCB

COMMON / INPUT / ANTABX(100),SNTABX{100),CON(8),SIT(8),SIB(B),
1EPS(8), EOST(4)sAE(3),REFA(3),IT(3),0T(3),TMTAB(150),TAUTAB(100),
2WTAB(5053),MTAB{11;,4),ATAB(26,4),CLTAB{150,4),CDTAB(150,4),DELTA,
3ATABX{201),STABX{201),LAMTAB(9) ,PRTOPT(4) ,INPUTX(10)

COMMON / INPUT / HFMT(220),DFMT(220),160(340)

REAL K1,N1;K2,N2,IT,MU,LAM,LAMTAB

COMMON /7 VAR / RADIAN,D1O,D11,D12,013,D14,020,030,031,032,
1ALPHD,S IGMD 4 ALPHR s SIGMR ;CSIGM; SSIGM,CTHET,STHET,R,H,VHSQ,
2VTSQyNHyVT o PEA,RHO, SOFS,MACH;MASS, TH, THR,COSIT,SINIT,COSDT,
3SINDT g THRX ¢ THRY  THRZ ¢ CALPH SALPHC14C249C34C49C5,4C6, THRR,THRT,
4THRPy Sy X1y X29 X35 X4y X55X69XT9X85X9,RSQsR4TH, SQRHO,ACELG, TAU,
5T IMEH;CLCD, TFINAL,B56,B58,PEH,RHOH, SOF SH,PEL,RHOL,SOFSL,
6DPERH, DRRH; DSRHy CLHM ¢ COHM,CLLM,CDLM,PCLRM,PCDRM,DRPRT,B10,
7820,B21,830,831,B40,841,850,851,B52,853,B54,855,B57,B60,B61,
8862,B870,B71,B81,882,890,891,892,893,8100,8101,8102,8103,8104,
9R3RD,R5THyVT3,B200,8201,VH3,8202,B8204,PTRRU,PTTRU,PTPRU

COMMON 7/ VAR / PTRRVsPTTRV,PTPRV,PTRRW,PTTRW,PTPRW,PTHRH,
1PTXRHy PTYRHsPTZRH;B300,8301,8302,PTRRR,PTTRR,PTPRR,B404,
28405, B400,SCLCD,DTRA,B401,B402,8403,8406,B407,PTRRA,PTTRA,
3PTPRAPTRRSPTTRS,PTPRS,E1,E2,E3,E4,ES,E6,CLAL,CDAL,CLAH,
4CDAH; PCLRA, PCDRA,B130,B131,PTRG, STRG,DTRGGTRGySRAT,
5MUDoNUDs PHISD THETSD,BETAD y GAMMAD o THETD  PHID 4DYNA,ENER, AST,RG

COMMON /7 VAR / SFRM(1500),GL(942,201),ATABS(201),STABS(201},
1PARTSL14); PARTC{14)CADJI(649)1F(646),CF(6,6)+6(6,2),CG(6,2)

COMMON / VAR / LAMP(9),VARX(25)

REAL MACH,MASS;LAMP

COMMON /7 ANAL 7/ HI,HIS,SIA(B),SIAS(8),SIE{8),SIES(8),CSIA,
1CSIAS,CDSIP,CDSIACRDSI CHIA,CHIAS,CDHIA,COHIP;CROHI DS1A{8i,
2RDSI(8); DHIA;DHIP,RDHI;OP ,EHI CEHI 4 INTGL(9,9) s IHH,ISHI(B),
31SS{8,8)sWT(242)F1,F2,SID(8),SFC,DSI(8),DSIJ,DBETA(8),
4ISSILIB;8)yDPSQsDPSQK,IHHK, ISHK(B) ,15S5K(8,8),
SISSILK{8:8),DBETAK(8),STVRS(12;9),LAMBDA(6,8,9) ,SFCK,F1K,
6F2K

REAL INTGL ¢ IHHISH; ISSeISSILeINTGLKyIHHKsISHK¢ISSK4ISSILK,
1LAMBDA

COMMON /7 IVAR /7 JTAPE,KTAPE,LTAPE,ITN,ITTN,ISTAGE,NC,
INT,NRTN;NTRG; KACC s KAKSNIF,NG,L{8),LS(8)

EQUIVALENCE(SFRM(2000)NORA(2000) +HNA(1997) «NEQA(1996),
1TIMEA{1995),U{1993),V(1992),#(1991),RX{1990),THETR(1989),
2PHIR(1988),PA(198F),PB(1986),PC(1985),PD(1984),PE(1983),
3PF(1982),U1(1981),V1(1980),W1{1979),RX1{1978),THETRL(1977),
4PHIR1{1976),PAL(1975),PB1(1974),PCL(1973),PD1(1972),PEL(1971),
5PF1{1970))

DIMENSION ADJ(6;9)s. DADJ(6,9)

EQUIVALENCE( SFRM(2000),NORB(1981) ,;HNB(1978) ,NEQB(1977),
LTIMEB{1976),ADJ(1974),0ADJ(19201}))
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DIMENSION STVR(12)

EQUIVALENCE{STVR{1),U)

END OF COMMON FOR ALL
SET UP SYMBOL TABLE FOR INPUT

CALL BCDCON( 12HCASENOC(2) +CASEND)
CALL BCDCON{ 12HID(3) 91D )
CALL BCDCON( 12HVEL P XVT )
CALL BCDCON{ 12HGAMMA s XGAMMD )
CALL BCOCON( 12HBETA » XBETAD)
CALL BCDCON{ 12HH » XH )
CALL BCDCON{ 12HTHETA s XTHETD)
CALL BCDCON( 12HPHI » XPHID )
CALL BCODCON{ 12HGS vGS }
CALL BCDCON{ 12HGMASS +GMASS )
CALL BCOCON( 12HPAYOFF 2»PAYOFF)
CALL BCDCON( 12HSTOP 1 STOP )
CALL BCDCON{( 12HSTOPV s STOPY )
CALL BCDCON{ 12HPRTINT 2 HP )
CALL BCODCON( 12HNIT 1AIT )
CALL BCDCON( 12HDPSQ 2+ XDPSQ )
CALL BCODCON{ 12HDPINC 1All )
CALL BCODCON( 12HODPDEC 1412 )
CALL BCDCON( 12HPSIEG sA21 )
CALL BCOCON( 12HPSIGP 1A22 )
CALL BCDCON{ 12HPSIRJ 1A23 )
CALL BCDCON{ 12HPHIGE 1A31 )
CALL BCDCON( 12HPHIEG 1A32 )
CALL BCDCON( 12HPHIGP vA33 )
CALL BCDCON{ 12HPHIRJ 1A34 )
CALL BCDCON( 12HNDELF 'DELF )
CALL BCDCON{ 12HCDELM 2CEHIM )
CALL BCDCON{ 12HDPSQM 21DPSQM )
CALL BCDCON( 12HKQC 1K1 )
CALL BCDCON( 12HRQC 1R1 )
CALL BCDCON{ 12HNQC #N1 )
CAL. BCDCON{ 12HKQR 1K2 )
CALL BCODCON( 12HRQR 1R2 )
CALL BCDCON( 12HNQR 1N2 )
CALL BCODCON({ 12HAH1 1AH1 )
CALL BCDCON( 12HAH2 sAH2 )
CALL BCDCON( 12HAQD1 sAHR1 )
CALL BCDCON{ 12HAQD2 sAHRZ )
CALL BCDCON{ 12HLAM 1 LAM )
CALL BCDCON({ 12HSLPE +SLPE )
CALL BCODCON{ 12HMU s MU )
CALL BCDCON( 12HRF +RF )
CALL BCDCON( 12HJ 1GJ )
CALL BCDCON( 12HOMEGA +OMEGA )
CALL BCDCON{ 12HRE +RE )
CALL BCDCON( 12HRPC 'RPC )
CALL BCDCON{ 12HTLIM o TLIM )
CALL BCDCON( 12HHLIM 2sHLIM )
CALL BCODCON{ 12HORDA 2»ORDA )
CALL BCDCON{ 12HHNOMA 1 HNOMA )
CALL BCDCON( 12HEUA 1 EUA )
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CALL BCODCON({(
CALL BCDCON({
CALL BCODCON{
CALL BCDCON({(
CALL BCDCON{
CALL BCDCON(
CALL BCOCON{
CALL BCDCON({
CALL BCODCON{
CALL BCBCON{(
CALL BCDCON{
CALL BCDCON!(
CALL BCOCON{(
CALL BCODCON(
CALL BCBCON(
CALL BCODCON({
CALL BCDCON(
CALL BCODCON(
CALL BCDCON!{
CALL BCDCON!(
CALL BCODCON{
CALL BCODCON(
CALL BCDCON!
CALL BCBCON(
CALL BCDCON{
CALL BCOCON(
CALL BCOCON{(
CALL 8CDCON{
CALL BCODCON(
CALL BCDCON(
CALL BCDCON({(

CALL
CALL
CALL
CALL
CALL
CALL

BCODCON({(
BCDCON(
BCDCON(
BCDCON(
BCOCON(
BCDCON{

CALL BCDCON{
DELTA=0.0
CASENB(2)=0.0

EPT 64

12HELA 1ELA )

- 12HHMA XA 1HMAXA )
12HHMINA +HMINA )
12HORDSB +ORDB )
-12HHNOMB +HNOMB )
12HEUB 1EUB )
12HELB +ELB )
12HHMAXB 1HMAXB )
12HHMINB +HMINB )
12HYCB 1 YCB )
-12HYCA 1YCA )
18HALPHA{100) sANTABX)
18HSIGMA(100) s SNTABX)
18HCONI(8) sCON )
18HSIT(8) 2 SIT )
18HSIB(8) +SIB )
18HEPS(8) +EPS )
18HEDST(4) +EOST )
18HAE(3) 'AE )
18HS(3) +REFA )
18HIT(3) 28] )
18HDT(3) 'OT )
18HTMT{150) s TMTAB )
18HTAU(100) + TAUTAB)
18HWT(50,3) 1WTAB )
18HMCLCD(11,4) 1MTAB )
18HACLCD( 264 4) 1ATAB - )
18HCL{150,4) 21CLTAB )
18HCD(150,4) +CDTAB )
18HDELTA(1)} #DELTA )
18HALPHAX(:201) +ATABX }
18HSIGMAX(201) 1 STABX )
18HLAMT(9) 1+ LAMTAB)
18HPRTOPT( %) 1PRTOPT)
.18HHFMT(140) HFMT )
18HDFMT(140) +DFMT )
18HIGO(170) 1160 )
18HINPUT(10) » INPUTX)

READ

INPUT

CALL SYMBLS(INCOL1L)
PROGRAM EXITS IF A 2 OR GREATER ‘APPEARS IN COLUMN 1 OF THE INPUT

IF(INCOL1

PRINT INPUT
WRITE{JTAPE,9100) CASENO,ID

WRITE{JTAPE;9101) CASENO

WRITE(JTAPE,9102) XVT,XGAMMD ¢ XBETAD s XH XTHETD 4 XPHID
WRITE(JTAPE,9103) GS,GMASS,PAYOFF,STOP,STOPV,HP
WRITE(JTAPE,9104) AIT,XDPSQyA11,A12,A21,A22
WRITE{JTAPE,9105) A23,A31,A32,A33,A34,DELF
WRITE(JTAPE,9106) CEHIM,DPSQM,K1,R1,N1,K2
WRITE{JTAPE,9107) R2,N2,AH1,AH2,AHR],AHR2
WRITE{JTAPE,9108) SLPE,MU,RF,GJ,OMEGA,RE
WRITE(JTAPE,9109) RPC,TLIM,HLIM,0RDA ,HNOMA,EUA
WRITE(JTAPE,9110) ELA,HMAXA,HMINA,YCA,ORDB,HNOMB
WRITE{JTAPE;9111) EUB,ELB,HMAXB,HMINB,YCB,LAM

-GT« 1) CALL EXIT
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DO 20 I=1,9

KT=1

IF(LAMTAB{I} .EQ. 0-0) GO TO 30
CONTINUE

WRITE{JITAPE.9112) {LAMTAB(I) I=1,KT)
IF{ DELTA .NE. 0.0) GO TO 80

NOMINAL CONTROL TABLES

DO 40 1=3,50

NTAB =1

IF{ANTABX(TI) LT, ANTABX{I-1}) GO TO 50
CONTINUE

WRITE{JTAPE,9113) (ANTABX{I);1=1,50)
WRITE(JTAPE;9114) (ANTABX(I)41=51,100)
GO TO 51

WRITE{JTAPE,9113) (ANTABX(I),I=1,NTAB)
NTAB=NTAB+49

WRITE(JTAPE,9114) (ANTABX{I);I=51,NTAB)
CONTINUE

DO 60 I=3,50

NTAB=1

IF{SNTABX{I) .LT. SNTABX{(I-1)) GO TO 70
CONTINUE

WRITE{JTAPE;9115) (SNTABX{I1),I=1,50)
WRITE{JTAPE;9116) (SNTABX(I1),I=51,100)
GO T0 71

WHRITE{JTAPE;9115) (SNTABX(I),I=1,NTAB)
NTAB=NTAB+49

WRITE{JTAPE;9116) (SNTABX(I),I=51,NTAB)
CONTINUE

CONTINUE

DO 90 I=1,8

NC=1

IF{CON(I) -EQ. 0.0) GO YO 100
CONTINUE

WRITE(JTAPE;9117) (CON({I),;1I=1,8)

GO T0 109

WRITE(JTAPE,9117) (CON(I)sI=1,NC)
NC=iiL—1

IF{NC .EQ. O) GO 710 110
WRITE{JTAPE,9118) (SIT{(I)sI=14NC)
WRITE(JTAPE,9119) (SIB(I),I=1,4NC)
WRITE{JTAPE,9120) (EPS(I);I=1,4NC)
CONTINUE

DO 120 I=1,3

ISTAGE=1]

IF{EOST(1) .EQ. 0.0) GO TO 130
CONTINUE

WRITE{JTAPE,9121) (EOST(I),I=1,3)

G0 10 131

WRITE{JTAPE,9121) (EOST(I)s;I=1,ISTAGE)
ISTAGESISTAGE-1

IFCISTAGE .EQ. O) GO TO 160
WRITE{JTAPE,9122) {AE(I),1I=1,1STAGE)
WRITE{JTAPE;9123) (REFA(I);1I=1,]ISTAGE)
WRITE(STAPE,9124) (IT(I)s1I=1,1STAGE)
WRITE(JTAPE,9125) (DT(I);I=1,1STAGE)
DO 140 I=3,50
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240

250
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NTAB=1

IF(TMTAB(I) .LT. TMTAB(I-1)) GO TO 150
CONT INUE

WRITE{JTAPE,9126) (TMTAB(I)},I=1,50)
WRITE{JTAPE,9127) (TMTAB(1),I=51,100)
WRITE{JTAPE,9130) (TMTABLI),I=101,150)
GO T8 160

WRITE(JTFAPE,9126) (TMTAB(I)},I=1,NTAB)
NTAB=NTAB+49

WRITE{JTAPE,9127) (TMTAB(1),1I=51,NTAB)}
NTAB=NTAB+50

WRITE(JTAPE,9128) (TMTAB(1),I=101,NTAB)
CONTINUE

ISTAGEZISTAGE+1

DO 210 :N=1, ISTAGE

J=(IN ~ 17#11 + 1

DO 170 I=3,11

NTABl=I

IF(MTAB(I,N) .LT. MTAB(I-1,N})) GO TO 180
CONTINUE

WRITE(JTAPE,9129) J,(MTAB(I,N),I=1,NTAB1)

J=(N - 1¥#26 + 1

DO 190 I=3,26

NTAB2=1

IFCATABL I N) .LT. ATAB{I-1,N)) GO TO 200
CONTINUE

WRITEAJFAPE,9130) J, (ATAB(I,N),I=1,NTAB2)
NTAB={NTAB1-1)#(NTAB2-1)

J=(N-11%150 + 1

WRITE(JTAPE,9131) Jo(CLTAB(I4N),I=1,NTAB)
WRITE(JTAPE,9132) J,{(CDOTAB(I,N),I=1,NTAB)
DO 220 1=3,50

NTAB=1

IF(WTAB(1,1) .LT. WTAB(I-1,1)) GO TO 230
CONTINUE

WRITE{JTAPE,9133) (WTAB{I,1),1=1,50)

GO YO 231

WRITE(JTAPE,9133) (WTAR(1,.1),I=1,NTAB)
NTAB=NTAB-1

WRITE(JTAPE,9134) (WTAB(1,2),I=1,NTAB)
WRITE{JTAPE,9135) (WTAB(I,3), I=1,NTAB)
DO 240 1=3,50

NTAB=1

IF( TAUTAB(I) .LT. TAUTAB(I-1) .OR. TAUTAB(I) .EQ. 0.0) GO 7O 250

CONTINUE

WRITE(JTAPE,9136) (TAUTAB(I1},1I=1,50)
WRITE{JTAPE,9137) (TAUTAB(I1),1=51,100)
GO 10 251

WRITE{JTAPE,9136) (TAUTABI(I),I=1,NTAB)
NTAB=NTAB+49

WRITE{JTAPE,9137) {(TAUTABI(I),1=51,NTAB)
CONT INUE

WRITE(JTAPE,9138) (PRTOPT(I},I=1+4)
IF(DELTA .EQ. 0.0) GO TO 300
WRITE{JTAPE,9139) DELTA
WRITE{JTAPE,9140) (ATABX(I)yI=1,NIF)
WRITE(JTAPE,9141) (STABX{IL),I=1,NIF)
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300 CONTINUE

RETURN
9100 FORMAT({ 107H1 RAYTHEON THREE-DIMENSIONAL TRAJECTORY OPTIMIZATION P
1ROGRAM TOS9 INPUT CASENO ITNG /

292XsFBo0rFT0ol92Xo3A6)
9101 FORMAT{ 11HO CASENO{1} F9.0,F21.1 )

9102 FORMAT( 8HO VEL F12.1s 3X, 6HGAMMA F12.3, 3X, 6HBETA
1F12.35 3Xy 6HH F12.0s 3Xy 6HTHETA F12.3; 3Xy 6HPHI
2F12.3 )

9103 FORMAT{ 8HO GS F12.2y 3Xy; 6HGMASS F12.2; 3X, 6HPAYOFF
1F12.0, 3X, 6HSTOP F12.0, 3X; 6HSTOPV E12.5, 3X, 6HPRTINT
2F12.2 )

9104 FORMAT( B8HO NIT F12.0, 3X, 6HDPSQ E12.59 3X, 6HDPINC Fl2.2,

13X, 6HDPDEL F1l2.2, 3Xs; 6HPSIEG F12.2, 3X, 6HPSIGP F12.2 )
9105 FORMAT{ 8HO PSIRJ F120293Xo6HPHIGE F12.2+43Xs6HPHIEG Fl2.2,
13Xy O6HPHIGP F12.2; 3Xs 6HPHIRJ F12.2, 3X, 6HNDELF Fl2.2)

9106 FORMAT{ 8HO CDELM E12.55,3X,6HDPSQM E12.5,3X,6HKQC E12.5 ,
13X, 6HRQC E12.5, 3Xe 6HNQC E12.5;, 3Xy 6HKQR El12.5)

9107 FORMAT( 8HO RQR E12.593Xs 6HNQR E12.5,3X46HAH1 E12.5,
13X, 6HAHZ El2.5, 3Xs 6HAQD1 E12.5, 3X,; 6HAQD2 E12.51}

9108 FORMAT{ 8HO SLPE Fl12.19 3X, 6HMU El2.5, 3X, 6HRF
1 E12.5, 3Xy 6HJ E12.5s 3Xy; 6HOMEGA El2.5, 3X, 6HRE
2 El2.5 )

9109 FORMAT( 8HO RPC E1l2.55 3Xy 6HTLIM F12.0, 3X, 6HHLIM
1 F12.09 3X, 6HORDA F12.0, 3X, 6HHNOMA F12.4, 3X, 6HEUA
2 E12.5 )

9110 FORMAT{ B8HO ELA El2.4¢ 3X» 6HHMAXA Fl12.2, 3X; 6HHMINA
1F12.45 3X, 6HYCA F12.5s 3X, 6HORDB F12.0, 3X, 6HHNOMB
2 F12.4 )

9111 FORMAT( 8HO EUB E12.5¢ 3X, 6HELB E12.5s 3X, 6HHMAXB
1 F12.29 3X, 6HHMINSB F12.49y 3X, 6HYCB F12.5, 3Xs 6HLAM
2 Fl12.1)

9112 FORMAT{( 12HO LAMT{1) 9F12.2)

9113 FORMAT{ 12HO ALPHA(1) 10F12.2 /7 ( 11F12.2))

9114 FORMAT{ 12H ALPHA(S51) 10F12.2 / (11F12.2))

9115 FORMAT( 12HO SIGMAI(1) 10Fl12.2 / (11F12.2))

9116 FORMAT({ 12H SIGMA({51) 10F12.2 / (11F12.2))

9117 FOF. .AT{ 12HO CON(1) 8F12.0 )

9118 FORMAT{ 12H SIT{1l)} 8E12.5)

9119 FORMAT{ 12H SIB(1) 8E12.5 )

9120 FORMAT( 12H EPS(1) 8E12.5 )

3121 FORMAT{ 12HO0 EOSTI(1) 3Fl2.2 )

9122 FORMAT{ 12H AE(1l} 3F12.3 )

9123 FORMAT( 12H S(1) 3F12.3)

9124 FORMAT( 12H IT(1) 3F12.2)

9125 FORMAT( 12H ODT(1} 3F12.2 )

9126 FORMAT{ 12HO TMT(1) 10F12.2 / (11F12.2))

9127 FORMAT{ 12H TMT(51) 10F12.1 /(11F12.1))

9128 FORMAT( 12H TMT(101) 10F12.2 / (11F12.2))

9129 FORMAT( 8HO MCLCD( I2, 2H) 10F12.2 / (11F12.2))
9130 FORMAT( 8H ACLCD( [2 , 2H) 10F12.2 /(11F12.2))

9131 FORMAT({ SH CL({ I3, 4&H) 10F12.4 / (11Fl12.4))
9132 FORMAT( S5H CD( I3, 4H) 10F12.4 / (11Fl2.4))
9133 FORMAT({ 12HO WT(1) 10F12.2 /7 (11Fl12.2))

9134 FORMAT( 12H WT(51) 10F12.2 s (11Fl12.2))

9135 FORMAT{ 12H WHWT(101l) 10F12.2 / (11F12.2))

9136 FORMAT{ 12HO TAU(1) 10F12.2 /7 (11F12.2))
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9139
9140
9141

FORMAT(
FORMAT!{
FORMAT{
FORMAT(
FORMAT{
END
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‘12H  TAU(S51)

12HO PRTOPT(1)

-T2HO DELTA(1)
-12H  ALPHAX(1)
12H  SIGMAX{1)})

10F12.2 /({11F12.2))
4F12.0) -
F12.6)
10F12.5/7(11F12.5))
10F12.5 /7{ 11F12.5))
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SUBROUT INE STATE(NF)

PURPOSE FORWARD TRAJECTORY

THIS SUBROUTINE COMPUTES THE FORWARD TRAJECTORY USING THE CONTROL
VARIABLES TABLES INPUTED OR COMPUTED BY THE PROGRAM

THE OUTPUT 1S A TAPE OF ALL STATE VARIABLES AT EACH INTEGRATION
POINT

COMMON FOR ALL PROGRAMS

COMMON 7/ INPUT / CASENO(2),ID(3)¢XVTyXGAMMD ; XBETAD s XH, XTHETD,
1XPHID; GS+GMASS,PAYOFFSTOP;STOPV;HP,AIT,XDPSQsA1l14A12,A215
2A22,A3)0A32,A33, DELF,CEHIM,DPSQM,K1 ;R1 ¢N1 ;K2 ;R2 4 N2 ;AHL y AHZ s
3AHR 1, AHR2, LAM, SLPE; MU, RF;GJyOMEGAsREsRPC s TLIMsHLIM,
4A23;,A34,0RDA; HNOMA, EUAELA ,HMAXA sHMINAYCA,

SORDBy HNOMB,; EUB, EL By HMAXB , HMINB » YCB

COMMON 7/ INPUT / ANTABX(100),SNTABX(100),CON(8),SIT(8),SIB(8),
1EPS(B ), EOST(4),AE(3),REFA(3),IT(3),0T(3),TMTAB(150), TAUTAB{100),
2WTAB(50,3)yMTAB{11,4),ATAB{26+4),CLTAB(150,4),CDTAB(150+4),DELTA,
3ATABXA 201), STABX{201),LAMTAB(9) ;PRTOPT(4),INPUTX(10)

COMMON / INPUT / HFMT(220),0FMT(220),160(340)

REAL K1yN1;K2,N2,IT,MU;LAM;LAMTAB

COMMON / VAR / RADIAN,D10,D11,012,D13,014,020,D030,031,D32,
LALPHD;SIGMDy ALPHR » SIGMR s CSIGMy SSIGMsCTHE T STHET 4Ry H,y VHSQ,y
2VTSQs VHy. VT PEA,RHO; SOFSy;MACH;MASS, TH; THR,COSIT,SINIT,COSDT,
3SINDT THRX; THRY ; THRZ ;CALPH SALPH,C1,C2,C3,C4,C5,C69THRR,THRT,
4THRPgSo X19X2:X39 X% X5 X695 XToXB3s X99RSQsR4TH, SQRHO,ACELG, TAU,
STIMEHCLyCDy TFINAL,B56,B58;PEHRHOH ¢ SOF SH,PELsRHOL+SOFSL,
6DPERH; DRRHy DSRHy CLHM,COHM 4 CLLM;CDLMPCLRM, PCORM,DRPRT,B10,
7820,821,B30,831,B40,B41,850,851,852,B53,B54,855,857,860,861,
8862,B70,871,881,882,890,891,892,893,8100,8101,8102,8103,B104,
9R3RD; RSTH,VT3,B200,8201,VH3,B202,8204,PTRRU,PTTRU,PTPRU

COMMON / VAR / PTRRV,PTTRV;PTPRV;PTRRW;PTTRWPTPRW; PTHRH,
1PTXRH; PTYRH; PTZRH,B300,8301,8302,PTRRR;PTTRRPTPRR,B404
2B405, 8400, SCLCD,DTRA,B401,B402,B403,B406,B407,PTRRA;PTTRA,
3PTPRA,PTRRS; PTTRS;PTPRS,E1,E2+,E3,E4E5:E6,CLAL,CDAL;CLAH,
4CDAH,PCLRA,PCDRA¢B130,8131,PTRG;STRG:DTRG;GTRG;SRAT,

SMUL, vUD,PHISD; THETSD,BETAD ; GAMMAD s THETD , PHID ,DYNA,ENER,AST,RG

COMMON / VAR / SFRM(1500),GL(95;2,201),ATABS(201),STABS(201),
1PARTS{14),PARTC{14)4CADJ(6,9)3F(656)3CF(6,6)3:6(642),C616,2)

COMMON / VAR / LAMP(9);VARX{25)

REAL MACH,;MASS.LAMP

COMMON 7/ ANAL / HI,HIS,SIA(8),;SIAS(8),SIE(8),SIES(8),CSIA,
1CSIAS,CDSIPCDSIA,CRDSI,CHIA,CHIAS,COHIA;COHIP,CRDHI ,DSIA(8),
2RDSI(8)DHIA,DHIP ,RDHI,DP yEHI ;CEHI yINTGL(9,9) s IHH,ISH(8),
31SS(B,8)sWT(2,2),F1;F2,SID(8)3SFC,DSI(8),DSIJ,DBETA(B),
4ISSIL(8,814DPSQyDPSQK,; IHHK, ISHK(8),ISSK(8,81)

SISSILK({B,8), DBETAK{8),STVRS{12,9) s LAMBDA{648,9) sSFCK+F1K,
6F2K

REAL INTGLy IHH,; ISH; ISS; ISSILs INTGLKs IHHKISHK,ISSK,ISSILK,
1L AMBDA

COMMON / IVAR / JTAPE,KTAPE;LTAPE;ITNyITTN,ISTAGE:NC,
INT,NRTNyNTRGsKACC ;KA KSyNIF,;NG,L(8),LS(8)

EQUIVALENCE{ SFRM({ 2000}, NORA(2000) ;HNA(1997) ,NEQA(1996),
1T IMEA{1995),U(1993),V(1992),W(1991),RX(1990),THETR(1989),
2PHIR(19881,PA(1987),PB{1986),PC(1985),PD(1984),PE(1983),
3PF(19821,U1(1981),V1(1980),WL(1979),RX1(1978),THETR1 (1977},
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4PHIR1(1976);PA1{1975),PB1{(1974),PC1(1973}),PD1(1972),PEL(1971),
5PF1{1970))

DIMENSION ADJ(6,9), DADJ(6,9)
EQUIVALENCE(SFRM(2000),NORB(1981),HNB(1978) ,NEQB(1977),
1TIMEB{1976);ADJ(1974),DADJ(1920))

DIMENSION STVR(12)

EQUIVALENCE({STVR{1),U)

END OF COMMON FOR ALL PROGRAMS

COMMON / ISTATE /7 UN,VNyWNRXN, THETN,PHIN,VHEN;CTHTN,STHTN
REAL MUR,MUD,NUR,NUD

REAL LIFT
EQUIVALENCE(VARX(25),LIFT(125),DRAG(24),DA(23),DS5(22))
REWIND LTAPE

NF=1 NORMAL RETURN INDICATOR

NF=1

COMPUTE INITIAL VALUES OF DIFFERENTIAL EQUATIONS OF MOTION
FORWARD TRAJECTORY TITLE

CALL OUTLIGO{1)},HFMT{1)},DFMT(1))

TIMEA=0.0

U=XVT2S IN{ XGAMMD/RADIAN)
V=XVT#COS{XGAMMD/RADIAN)*COS(XBETAD/RADIAN)
W=XVT#COS{XGAMMD/RADIAN)=»SIN(XBETAD/RADIAN)
THETR=XTHETD/RADIAN

RX = XH = {RE — RPCI#COS{THETR )==2
PHIR=XPHID/RADIAN

PA=0.

PB=Q.

PD=0.

PE=0.

PF=0.

SAVE INITIAL STATE VARIABLES

UN=U

VN=V

WN=W

RAN=RX

THETN=THETR

PHIN=PHIR

VHN=SQRT{(VN#=#2 + HN=%2)

CTHTIN=COSETHETN)

STHIN=SIN( THETN)

NH=1

PIRG=0.0

STRG=0.0

DTRG=0.0

NORA=0RDA

HNA=HNOMA

NEQA=12

ISTAGE=1

CALL SMARK (49 12,NORA,NRTNsNTRG,EUAELA,HMAXA,HMINA,YCA,
LTIMEA,PTRG,
2T IMEA; DTRG,

3T IMEA; STRG,
4SRAT,0.0,

S5HyAHZ,
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6T IMEA; TLIM,

THyHLIM )

TRIGGER 1 ouUTPUT

TRIGGER 2 LAMCOS-DO

TRIGGER 3 STAGING

TRIGGER 4 STOPP ING

TRIGGER 5 ALTITUDE PENALTY
TRIGGER 6 TIME LIMIT

TRIGGER 7 HEIGHT LIMIT

GO T0(2100522005,23005,2400,8001);NRTN
NTRN=1 END OF STEP ROUTINE
NTRN=2 DERIVATIVE 1 ROUTINE
NTRN=3 DERIVATIVE 2 ROUTINE
NTRN=4 TRIGGER ROUTINES
NTRN=5 ERROR MARK

END OF STEP ROUTINE FORWARD
CALL SFRWD{(1)
SRAT=FUNCT(STOP) - STOPV
CALL TRAl4

FORWARD DERIVATIVE ROUTINE 1
IF{DELTANE.0.0)G0 TO 2202

CALL MULG(50,NERR, TIMEA,ANTABX,ALPHD,ANTABX(51))
CALL MULG{504NERRsTIMEA,SNTABX,SIGMD,SNTABX(51))
GO TD 2206

I=sTIMEA/DELTA+1.0

IF{I.6E.NIF)GO TO 2204

D=AMOD( TIMEA,DELTA)/DELTA

ALPHD={ ATABX(I+1)~ATABX(I))=D+ATABXI(])
SIGMD=(STABX{I+1)-STABX{(I))=»D+STABX(I)
GO TO 2206

ALPHD=ATABX(NIF)

SIGMD=STABX(NIF)

ALPHR=ALPHD/RADIAN

SIGMR=S IGMD/RADIAN

CSIGM=COS{SIGMR)

SSIUM=SIN(SIGMR)

FORWARD DERIVATIVE ROUTINE 2
CTHET=COS{THETR}

STHET=SIN{THETR)

R=RX + RE

H=R-RE+(RE-RPC)#CTHET*%2

VHSQ = Vaa2+Wun?

VISQ = VHSQ + U==s2

VH = SQRT(VHSQ)

VT = SQRT{VTSQ)

ATMOSPHERIC DATA

CALL ATM(H,PEA}

MACH = VT/SOFS

LIFT AND DRAG COEFFICIENTS

CALL CLCD(ISTAGE ALPHR ;MACH,CL ,CD)
CHECK FOR THRUST

IF{EOST{ISTAGE) .EQ. 0.0) GO TO 2350

CALL MULG(SOsNERR, TIMEA,TMTAB(1),TH, TMTAB(51),MASS,TMTAB(101))

THR=TH + (SLPE — PEA)}®AE(ISTAGE)
COSIT = COSUITU{ISTAGE)/RADIAN)
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2352
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SINIT = SIN(IT{ISTAGE)/RADIAN)

COSDT=COS{DT{ISTAGE ) /RADIAN)

SINDT = SIN(DT({ISTAGE)/RADIAN)

THRX=THR*COSIT#COSDT

THRY=THR#COSIT=#SINDT

THRZ=THR#SINIT

CALPH = COS({ALPHR)

SALPH = SIN(ALPHR)

C1=CALPH/VT

C2=SALPH/VT

C3=CSIGM/VT

Ca=SSIGM/VT

CS5=WeSSIGM/VH+VxU=C3/VH

Co=V#SSIGM/VH~W=2U*C3/VH

THRR = (U#Cl + VH=C2«CSIGM)#THRX — VH#C4«THRY o

1L{VH=C1#CSIGM - U=(C2)*THRZ

THRT={V#C1-SALPH2CS)eTHRX+{V#U#C4/VH-W=CSIGM/VH) «THRY

1-{V2C2+CALPH»C5)#THRZ

| { -

STE 04

THRP = (W#Cl + SALPH#C6)#THRX + (V#CSIGM/VH @ H#UwC4/VH)=#THRY

1+{ CALPH=CH6-We(C2)#THRZ

S = REFA(ISTAGE)

GO 7O 2352

GLIDE STAGE

THRR=0.0

THRT=0.0

THRP=0.0

S = GS

MASS = GMASS

X1=.5%RHO=S=VT/MASS

X2=CD=X1

X3=CL#X1

X4=CS IGM=X3

X5=U=*X4/VH

X6=SSIGM#X3sVT/VH

XT=~U/R

XB8=CTHET/STHET=W/R
X9=STHET=#R#D30+031»Y

RSQ=R#R

R4TH=RSQus2

DERIVATIVES FOR EQUATIONS OF MOTION
ULl=VHEQ/R+X9«STHET-UsX2+VHs X4~-MU/RSQ
1-D10#{ 1 .0~3.02CTHET# 22 L /R4 TH+ THRR /MASS
V1=VaXT7tWeXB8+CTHET2X9-VaX2-V¥u X5-Hx X6
14D14#CTHET#STHET/R4TH+THR T/MASS
WN1l=WaXT7-VaXB8-D31%{UsSTHET+V2LTHET)
1-WaX2-W2X5+VeX6+THRP /MASS

RX1=yU

THETR1=V/R

PHIR1=W/(R#STHET)

DERIVATIVES FOR PENALTY FUNCTIONS
SQRHO=SQRT(RHO)
PAL=K1%R1*SQRHO=*{VT/1000. }==N1
1+K2%R2#RHO*SQRHO#(VT/10000. )#=N2
ACELG=RHOsVTSQ#S5/64.4»SQRT{CL##2+4CD=»2)/MASS
CALL MULG(S50,NERR,ACELG,TAUTAB(1),TAU,TAUTAB(51))
PB1=1.0/TAU

PC1=0.0
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2362

2360

2370

2400

2401

2403

HAS H EQUALED AHZ2 NH=1 NO, NH=2 YES
GO TO {2360;2362)NH

IF{H-LE-AH2)}GO TO 2360
PCl=AH1®#(H/AH2 — 1.0)#%=2
CONTINUE

PD1=0.0

IF { PAYl LE. AHR2 ) GO TO 2370
PD1=AHR1={PA1/AHR2 - 1.0}&»2

CONTINUE

PE].:OOO

PF1=0.0

RETURN TD MARK

CALL TRA1l4

TRIGGER RETURN

GO TO{2401,2451,2501,2401,2651,2701,2751),NTRG
DUTPUT TRIGGER

PTRG=PTRG+HP

MUD=0.0

NUD=0,0

PHISD=0.0

THETSD=0.0

IF{TIMEA .EQ. 0.0) GO TO 2403

SPMPN=S IN{PHIR-PHIN)

CPMPN=COS(PHIR-=PHIN)

CNSM=({STHET» (VN=CTHTN«CPMPN + WN=SPMPN) -
IVN*STHTN*CTHET ) /VHN

CNCM=CTHTN#CTHET + STHTN=STHET=CPMPN
MUR=ATANZ2{CNSM,CNCM)

SINMU=S IN{MUR)

SINNU=( WNaSTHTN#CTHET — STHET#» (WN#CTHTN»
1CPMPN — VN#SPMPN))/VHN

NUR=ATANZ2{ SINNU#SINMU,CNSM)
TANNU=S INNU#*S INMU/CNSM
PHIS=ATAN2{ TANNU, SINMU)
THETS=ATANZ2{SQRT{SINNU##2 + COS{NUR)==2=SINMU#=2),COS{NUR)
1=COS{MUR))

MUD=MUR=RADIAN

NUD- NUR=®RADIAN

PHISD=PHIS=RADIAN

THETSD=THETS#RADIAN
BETAD=ATAN2{W,V)=RADIAN
GAMMAD=ATAN2(U,VH)}*=RADIAN
THETD=THETR#RADIAN

PHID=PHIR*RADIAN

DYNA=5#RHO#YTa%2

ENER=MASS*#{VT##2/2.0 - MU/R - (1.0 - 3.0#CTHET*%2)/3.0
1#{RF/R})*%3sMU=GJ/RF)
LIFT=.5#RHO#VTSQ#S*CL
DRAG=.S#RHO=YTSQ=S#CD

DA=0.0

DS=000

IF(DELTA .EQ. 0.0) GO TO 2404
I=TIMEA/DELTA + 1.0

IF{]l .GE. NIF) GO TO 2404

D=AMOD{ TIMEA,DELTA)/DELTA

DA=({(ATABS{I+1) - ATABS{I))*D + ATABS(I))=RADIAN - ALPHD
DS={{STABS(I+1) - STABS{I))*D + STABS(I))*RADIAN - SIGMD

8-24
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CONTINUE

CALL EMARK{AST,RG)

CALL OUT{1GO(86)sHFMT(41),DFMT(41))
NTRG=4 STOPPING CONDITION REACHED
IFINTRG .EQ. 4) GO TO 2601

CALL TRAl4

LAMCOS-D0 TRIGGER

IFLLAMP{1l) .NE. 0.0 .AND. ITN .NE. O .AND. NC .NE. 0) GO TO 2453
CALL OFF(2)

CALL TRAl4

IF(TIMEA .NE. 0.0) GO TO 2459

KT=1

DTRG=TF INAL*LAMP{KT)

CALL TRAl4

COMPUTE INTEGRALS FROM TIMEA TO TFINAL

DO 2460 1=1,9

DO 2460 J=1,9

INTGLL 1:J)=0.0

DPSQK=0.0

KN=TIMEA/DELTA+1.1

DO 2462 I1=KN,NIF

TIME=FLOAT({I-11=DELTA

CALL MULG(S50,NERRyTIME WTABsWT(1,1) e WTAB(L2),WT(2,2),WTAB(1,3))
SC=1.0

IF(T.EQ.KN.OR.I.EQ.NIF)GO TO 2461
IF{MOD{I,2).NE.O)SC=2.0

CONTINUE

DO 2463 J=1,NT

DO 2463 K=1,J

DO 2463 M=1,2
INTGLAJ»K)=SCuGLIA Mo I} /NT(M,M)=sGL(KyMeI) + INTGL{JyK)
DPSQK=SC=#{ (ATABX{1)/RADIAN-ATABS(1))=22/4WT(1,1)

1+(STABX(I)/RADIAN - STABS(I))#=2/WT(2,2)) + DPSQK

DO 2464 J=1,NT

DO 2464 K=1,J
INTGLAJoK)=INTGL{J,K)=DELTA/3.0
INTGLEKK»J)=INTGL(:JsK)
DPSQK=DPSQK#DELTA/3.0
THHK=INTGL(1,1)

DO 2466 1=1,8
ISHKGI)SINTGLUI+1,1)

D0 2468 I1=1,8

DO 2468 J=1,8
ISSK(1oJ)=INTGL(I+1,J+1)

CALL MINVL{ISSK,ISSILK,L)

DO 2472 1=1,8

DBETAK(1)=0.0

IFINC.EQ.0)GO TO 2474

DO 2473 I=14NC

DO 2473 J=1,6
DBETAK(I}=DBETAK(I) — LAMBDA(J,IKT)#(STVR{J) -STVRS(JsKT)})
DO 2471 1=1,NC

DO 2471 J=1,6

DBETAK( I)=DBETAK({I) - CADJ(JsI+1)#(STVR(J+6) — STVRS(J4KT))

8=-25
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DO 2475 1I=1,NC
2475 DBETAK{ L)=DSI{1) -DBETAK(I)
2474 CONTINUE
TEMP=TMAML{ DBETAK, ISSILK;DBETAK,L)
F1K=DPSQK-TEMP
SFCK=1.0
IF{FIK.GT.0.0)G0 TO 2478
F1K=0.0
SFCK=SQRT(DPSQK/TEMP)
2478 CONTINUE
DO 2476 1I=1,8
2476 DBETAK(I)}=SFCK=#DBETAK{(I)
F2K=SQRT(FIK/{ IHHK-TMAML{ ISHK;ISSILK;ISHK,L)})))
KN=KN+1
DO 2480 I=KNyNIF
TIME=FLOAT(I-1)+DELTA
CALL MULG(SO,NERR,TIME,WTAByWT(1,1) s WTAB(Ls2) 4WT(2,2),WTAB(1,3))
ATABX{ I )=AM®F2K/WT(1,1)%(GL(Ls1,1)-TMAMLIGL(241+1)ISSILK,ISHKyL))
L+4TMAMLIGL(2y15.1) ISSILK,DBETAK,L)/WT{1,1)+ATABS(I)
STABX(I)=AM®F2K/WT(2,2)%#{GL(132,1)-TMAMLIGL(2,2,1),ISSILK,ISHK,L))
14TMAMLIGL{ 2925 1) ISSILK,DBETAK,L)/NT(2,2) + STABS(I)
ATABX{I)=ATABX(I)#RADIAN
2480 STABXAI)=STABX{I1)=RADIAN
KT=KT+1
IF(KT .EQ. 10) GD TO 2452
IF{LAMPI(XT) .EQ. 0.0) GO TO 2452
GO TO 2454
c BOOST TRIGGER
2501 IF{TIMEA .NE. 0.0) GO TO 2502
IF({ EODOST{ISTAGE) .NE. 0.0) GD TO 2503
CALL OFF(3)
CALL TRA1l4
2503 STRG=EOST{ISTAGE)
CALL TRAl4
2502 ISTAGE=1STAGE+]
IF ( EOST{ISTAGE) .NE. 0.0) GO TO 2504
CALL OFF{3)
CALL TRA24
2504 STRG=EOSTIISTAGE)
CALL TRA24

c STOPPING TRIGGER
2601 CALL SFRWD(2)
C ADDITIONAL OUTPUT AT END OF FORWARD TRAJECTORY
CALL OUT(IGO(171),HFMT(141),DFMT(141))
GO TO42602,2603}4NH
2602 TIMEH=TIMEA
2603 RETURN
c PENALTY FUNCTON € TRIGGER
2651 NH=2
TIMEH=TIMEA
CALL OFF(5)
CALL TRAl4
c TIME LIMIT TRIGGER
2701 WRITE{JTAPE,9005)
9005 FORMAT{16H TIME LIMIT )
c NF=2 ERROR RETURN INDICATOR
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NF=2
RETURN
WRITE{JTAPE,9006)
FORMAT (18H HEIGHT LIMIT
NF=2
RETURN
WRITE(JTAPE,9010)
FORMAT{ 11H ERROR MARK )

NF=2
RETURN
END

STE

08
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$IBFTC ADT

c
C
C
C
C
C
C
C
c
C
c
c
c
C
C

SUBROUT INE ADJNT(NF)

PURPOSE ADJOINT TRAJECTORY

THIS SUBRDUTINE COMPUTES THE ADJOINT TRAJECTORY OF THE FORWARD
TRAJECTORY PREVIOUSLY RUN.

THE INPUT TO THIS SUBROUTINE IS THE TAPE CONSTRUCTED DURING THE
FORWARD TRAJECTORY

THE OUTPUT FROM THIS SUBROUTINE IS A TABLE OF INFLUENCE FUNCTIONS
GL({IsJsK) WHERE I IS THE INDEX FOR THE PAYOFF FUNCTION AND
CONSTRAINTS, J IS THE INDEX FOR THE 2 CONTROL VARIABLES, ALPHA AND
SIGMA; AND K IS THE INDEX FOR THE 200 EQUALLY SPACED POINTS ALONG
THE TRAJECTORY

THIS SUBROUTINE ALSO COMPUTES THE INTEGRALS OF THE INFLUENCE
FUNCT IONS

COMMON FOR ALL PROGRAMS

COMMON 7/ INPUT / CASENO{(2),1D(3),XVTXGAMMD s XBETAD s XH,XTHETD,
1XPHID; GS;.GMASS; PAYOFF,STOP, STOPV,HP ;AI T, XDPSQ,A11,A12,A21,
2A22,A31,A32,A33,DELF,CEHIM,DPSQM,KL14RL ;N1 ,K24R2,N2,AHL,AH2,
3AHR 1y AHR2,LAM, SLPE;MUsRF ,GJ,OMEGA 4RE ;RPC s TLIM,HLIM,
4A23,A34;0RDA, HNOMA, EUA s ELA s HMAXA HMINA ; YCA

50RDBy HNOMB, EUB, EL B, HMAXB , HMINB, YCB

COMMON / INPUT / ANTABX(100),SNTABX(100},CON(8),SIT(8),SIB(8),
1EPS{8), EDST(4) 3 AE(3),REFA(3),1T(3),DT(3),TMTAB(150), TAUTAB(100),
2WTAB(5053),MTAB{1Ey.4),ATAB(265%4),CLTAB(150,4),CDTAB(150,4) +DELTA,
3ATABX{ 201}, STABX{201),LAMTAB(9) 4PRTOPT(4) ,INPUTX(10)

COMMON / INPUT / HFMT(220),DFMT(220),160(340)

REAL K1sN1,K2;N2, IT;MU;LAM,LAMTAB

COMMON / VAR / RADIAN,D10,D11,D12,D13,D14,020,D30,031,0D32,
1ALPHD, S IGMDy ALPHR 3 SIGMR ; CSIGM, SSIGM,CTHET,STHET R yH, VHS Qs
2VTSQs VHe VT PEA RHO; SOFSsMACH,MASS, TH, THR,COSIT,SINIT,COSDT,
3SINDT s THRXy THRY s THRZ s CALPH, SALPH,C15C2,C3,C4,C5,C6,THRRy THRT,
4THRPoSsX19X29 X3y XbyX55X69XTy X8y X93RSQ,R4TH, SQRHOACELG, TAU,
STIMEHsCL s CDy TFINAL ;B56,B58,PEH,RHOH, SOF SH,PEL yRHOL , SOFSL,
6DPERH, DRRHy DSRHs CLHM, CDHM,CLLM,CDLM,PCLRM,PCORM,DRPRT, 810,
7820,821,B830,831,B40,841,850,851,852,B53,B54,B55,B57,B60,B61,
8B62,370,871,881,882,890,891,892,893,8100,B101,B102,8103,8104,
9R3R0, R5TH;VT3,B200,8201,VH3,B202,B8204,PTRRU,PTTRU,PTPRU
COMMON /7 VAR / PTRRV;PTTRV,PTPRV,PTRRH,PTTRW,PTPRW,PTHRH,
1PTXRH; PTYRH; PTZRH,B300,8301,8302,PTRRR;PTTRR, PTPRR 48404,
2B405, B400,SCLCDs DTRA;B401,B402;B8403,B406,B407,PTRRA,PTTRA,
3PTPRAsPTRRSy PTTRS;PTPRSyEL,E2,E3,E49ES5,E64CLAL,CDAL,CLAH,
4CDAH, PCLRA, PCDRAyB130;8131,PTRG,STRG,DTRG,GTRG,SRAT,

SMUD; NUDy PHISD, THETSD BETAD y GAMMAD , THETD , PHID , DYNA, ENER , AST#RG
COMMON / VAR / SFRM(1500),6L(9,2;201),ATABS(201),STABS(201),
1PARTS(14)3PARTC(14);CADI(6:9) 4F(64:6) sCF(646) 45616,2),CG(6,42)
COMMON / VAR / LAMP(9); VARX(25)

REAL MACHsMASS,LAMP

COMMON / ANAL 7/ HI,HIS;SIA(8),SIAS(8),SIE(8),SIES(8),CSIA,
1CSIAS,CDSIP;CDSIA,CRDSIsCHIA,CHIAS ,CDHIA,CDHIP,CRDHI ,DSIA(8),
2RDSI(8),DHIA,DHIP ,RDHI;OP ,EHI ;CEHI s INTGL(9,9) ,IHH,ISH(B),
31SS(8,8)sWT(252),F1,F2,SID(8),SFC,DSI(8),0S1J,DBETA(8),
41SSIL(8,8),DPSQeDPSQKs IHHK ;s ISHK (8) s 1SSK(848)

SISSILK(858) s DBETAK(8),STVRS(12;9) ,LAMBDA(6+8,9) 4SFCK,F1K,
6F 2K

REAL INTGLy IHH, ISHsISSsISSILs INTGLK, IHHK,ISHKoISSKeISSILK,
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1LAMBDA

COMMON / IVAR / JTAPE,KTAPE,LTAPE,ITN,ITTN,ISTAGE,NC,

INT s NRTN,NTRG)KACC KA KSyNIF4NG,L(8),LS(8)
EQUIVALENCE(SFRM{2000),NORA(2000) +HNA(1997) ,NEQA(1996),
1TIMEA{1995),U(1993),V(1992),W(1991),RX(1990),THETR(1989),
2PHIR{1988),PA{1987),PB(1986),PC(1985),PD(1984),PE(1983),
3PF{1982),UL1(1981),V1(1980),W1{1979),RX1{1978),THETR1{1977),
4PHIR1{1976),PAL{1975)PB1(1974),PC1(1973),PD1(1972),PEL1(1971),
5PF1(1970))

DIMENS ION ADJ(6,9):. DADJ(6,9)
EQUIVALENCE(SFRM(2000),NORB(1981),HNB(1978) ,NEQB(1977),
1TIMEB{1976),ADJ(1974),DADJI(1920})

DIMENSION STVR(12)

EQUIVALENCE(STVR{1},U)

END OF COMMON FOR ALL PROGRAMS

COMMON / FORW / STRAJ20,13)

EQUIVALENCE (F(36),PFURU{(36),PFVRU(35),PFWRU(34},PFRRU(33),
1PFTRU(32),PFPRU(31),PFURV(30),PFVRV(29) ,PFWRV{28),PFRRV(27)},
2PFTRV.L26),PFPRV(25),PFURW{24),PFVRW{23),PFHRW(22),PFRRW {21},
3PFLRW{20),PFPRW(19),PFURR(18),PFVRR(17),PFWRR(L6),PFRRR{15]),
4PFTRR{14),PFPRR{13),PFURT(12),PFVRT(11),PFWRT(LO)},PFRRT(9),
SPFTRT{8)yPFPRT(T7)4PFURP{6),PFVRP(5),PFWRP(4),PFRRP(3),
6PFTRP{2); PFPRP{1))

EQUIVALENCE (CF{36),PFARU(36),PFBRU(35)4PFCRU(34),PFDRU(33),
1PFERU(32),PFFRU(31),PFARV(30),PFBRV(29),PFCRV(28),PFDRV(27),
2PFERV{26),PFFRV(25),PFARW(24),PFBRW(23) ,PFCRW(22) ,PFDRW(21),
3PFERWA20),PFFRW{19),PFARR{18),PFBRR{17),PFCRR(16),PFDRR(15},
4PFERR(14),PFFRR{13),PFART{12),PFBRT(11),PFCRT(10)},PFDRT(9),
S5PFERT{8),PFFRT{7),PFARP(6),PFBRP(5),PFCRP{4),PFDRP(3]},PFERP(2),
6PFFRP( 1))

EQUIVALENCE (G(12),PFURA(12),PFVRA(11),PFWRA(10),PFRRA(9),
1PFTRA{8),PFPRALT7)sPFURS(6)4PFVRS{5),PFHRS(4),PFRRS(3),PFTRS(2),
2PFPRS{11})

EQUIVALENGCE (CG(12),PFARA(12),PFBRA(11),PFCRA(10),PFDRA(9),
1PFERA(8)PFFRA(7),PFARS(6),PFBRS(5),PFCRS(4)},PFDRS(3),PFERS(2),
2PFFRS411)

REAL LOW

6000 TFINAL=TIMEA

6061

DELTB=TFINAL/FLDAT(NIF-1)

NF=1

TIMEB =0.0

INITIAL VALUES OF ADJOINT EQUATIONS

DO 6061 I=1,6

DO 6081 J=1,9

ADJ{1,J1=0.0

CADJt1,4)=0.0

SUBROUT.INE- PARTAL COMPUTES THE PARTIAL DERIVATIVES OF FUNCTIONS
WITH RESPECT TO THE STATE VARIABLES AND TIME
CALL PARTAL{STOP,PARTS)

CALL PARTAL(PAYOFF,PARTC)

DO 6050 I=1,6

THE ADJOINT DIFFERENTIAL EQUATIONS ARE DIVIDED IN TO TWO GROUPS.

8-29
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ADJ - NON ZERO DERIVATIVES

CADJ ~ ZERO DERIVATIVES
ADJ(I,1)=PARTC({I)}-PARTC({14)/PARTS{14)=PARTS(I)
CADJ{I,1) = PARTC(I+6) = PARTC(14)/PARTS(14)=PARTS(I+6)
CONTINUE

IF(NC.EQ.0)G0 TO 6060

DO 6056 J=1.NC

CALL PARTAL{( CON(J),PARTC)

DO 6056 I=1,6
ADJ{1,3+1)=PARTC(L1)-PARTC(14)/PARTS(14)#PARTS(I)
CADJ( 1,J+1)=PARTC{I+6)-PARTC(14)/PARTS(14)*PARTS(I+6)
CONTINUE

SET UP FOR SUBROUTINE SMARK

NORB=ORDB

HNB=HNOMB

NEQB=54

TIMEB=0.0

NEQBA=NT#6

GTRG=0.0

STRG=0.0

DTRG=0.0

CALL SMARK(4,NEQBA,NORB,;NRTNsNTRG,EUB,ELB,HMAXB,HMINB,YCB,
ITIMEB, GTRGy

2T IMEB STRG,

3T IMEB,DTRG)

TRIGGER 1 INFLUENCE FUNCTION
TRIGGER 2 STAGING

TRIGGER 3 LAMCOS-DO

GO TO{6500, 6600,6700,6800,8001) ¢NRTN
NTRN=1 END OF STEP ROUTINE
NTRN=2 DERIVATIVE 1 ROUTINE
NTRN=3 DERIVATIVE 2 ROUTINE
NTRN=4 TRIGGER ROUTINES
NTRN=5 ERROR MARK

END OF STEP ROUTINE
CALL EMARK(AST4RG)
CALL TRAl4

ADJOINT DERIVATIVE ROUTINE 1

TIMEA=TFINAL-TIMEB

IF{TIMEB .NE. 0.0) GO TO 6604

GO TO 6603

FIRST TO LASTY

DO 6602 I=1,13

STRAJ(20,1)=STRAJ¢1, 1)

BACKSPACE LTAPE

READ LTAPE TO GET TABLES FROM FORWARD TRAJECTORY
READ(LTAPEIN (L {STRAJ{I9J)el=1.19),J=1,13)

BACKSPACE LTAPE

IFIN «LYJd 2) GO TO 6601

IF(TIMEA .LTo 0.0) TIMEA=0.0

INTERPOLATE TO GET STATE VARIABLES

CALL MULG(209NERR97[MEA.STRAJ(1'1)rUySTRAJ(l:Z’9V-STRAJ(113)!
1W9STRAJ5114)1RXtSIRAJ&lrS)yTHETR:STRAJ(l)6)'PHlRtSTRAJ(117)1

2PA,STRAJ(1,8),PB,STRAJ(1,9),PC¢STRAJ(1,10),PD,STRAJ(1,11),PE,
3STRAJ(1,12),PFsSTRAJI(1,13))

03

NERR=1 TIMEA WITHIN TABLE, NERR=2 OFF LOW END, NERR=3 OFF HIGH END
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GO TO (6605,6601,6605), NERR

CONTINUE

GET ALPHA AND SIGMA FROM INPUT TABLES
IF(DELTA.NE.O0.0)1GO TO 6020

CALL MULG(SO,NERR, TIMEAsANTABX,ALPHD,ANTABX(51))
CALL MULG(S50,NERR, TIMEAsSNTABX,SIGMD,SNTABX(51))
GO TO 6040

GET ALPHA AND SIGMA FROM COMPUTED TABLES
I=TIMEA/DELTA+1.0

IF( 1 .GE. NIF ) GO TO 6030

D=AMOD( TIMEA,DELTA)/DELTA

ALPHD=( ATABX(I+1)-ATABX(I))«D+ATABX(L)}
SIGMD={STABX{I+1)}-STABX(I))*D+STABX(I)

GO TO 6040

ALPHD=ATABXI{NIF)

SIGMD=STABX(NIF)

ALPHR=ALPHD/RADIAN

SIGMR=SIGMD/RADIAN

R=RX + RE

H=R-RE+{RE-RPC)*CTHET==»2

BS56 = Ves2 + Han2
BS8 = BS6 + Uwmn2
VH = SQRT(B56)
YT = SQRT(B58)

ATM ATMOSPHERE SUBROUTINE
CALL ATM{H,PEA)

CALL ATM(H+500.,PEH)

CALL ATM(H-500.,PEL)

PARTIAL OF PRESSURE,DENSITY,AND SPEED OF SOUND RESPECT TO HEIGHT

DPERH=({ PEH-PEL }/71000.

DRRH={ RHOH-RHOL }/1000.

DSRH={ SOFSH-SOFSL )/1000.

MACH=VT/SOFS

CALCULATE CL AND CD

CALL CLCD{ISTAGE ,ALPHRMACH,CL,CD)
PARTIALS OF CL AND CD RESPECT TO MACH
CALL CLCD{ISTAGE,ALPHR MACH+.05,CLHM,CDHM)
CALL CLCD(ISTAGE, ALPHRy4MACH-.05,CLLM,CDLNM)
PCLRM=({CLHM~-CLLM) /.1

PCDRM=(COHM-CDLM)} /.1

CTHET = COS{THETR)

STHET = SIN{THETR)

DERIVATIVE OF RP RESPECT -TO THETR
DRPRT=2.0#(RE-RPC)sCTHET=*STHET

CSIGM ‘= COS(SIGMR)

SSIGM = SIN(SIGMR)

CHECK FOR THRUST

IF{ EOST(ISTAGE) .EQ. 0.0 ) GO TO 6650
S=REFA({ISTAGE)

IF THRUST GET THRUST AND MASS

CALL MULG(504NERR; TIMEA,TMTAB(1),TH,TMTAB(51),MASS,TMTAB(101))
GO TO 6651

$=GS

MASS=GMASS

CONTINUE

COMMON TERMS

B810=RHO/2.0#S/MASS
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B20=CD*VT

B21=CL*VT

B30={ CO+MACH=PCDRM)/VT
B31={CL+MACH=PCLRM)/VT
B40=CSIGM/VH
B41=SSIGM/VH

B50=U#=2

B51=V#x2

BS52=Wa=x2

B53=U0wV

B54=Ua4

B55=V*W

B57=B53 %W

B60=U/R

B61=V/R

B62=W/R
B70=2.0#CD+MACH*PCDRM
B71=2.0#CL+MACH=PCLRM
B81=D31«CTHET
B82=D31#STHET
B90=(CTHET/STHET) /R
B91=CTHET*STHET
BI92=CTHET=»2
B93=STHET*%2
B100=RHOSMACH/SOFS«DSRH
8101=CD=*DRRH-B100#PCDRM
B102=CL #ORRH-B100*PCLRM
8103=5/7({2.0%MASS)
B104=D30=STHET

RSQ = R#R

R3RD = RSQ=R
R4TH = R#R3RD
R5TH = R#R4TH

IF(EOSTUISTAGE).EQ.0.0)GO TO 6101
THR=TH + (SLPE - PEA)#AE(ISTAGE)
COSIT=COS{IT(ISTAGE)/RADIAN)
SINIT=SIN(IT(ISTAGE }/RADIAN)
COSOT=COS(DT({ ISTAGE)/RADIAN)
SINDT=SIN{DT( ISTAGE)/RADIAN)
THRX=THR=*COSIT#COSDT
THRY=THR#COSIT#SINDT

THRZ=THR#*SINDT

CALPH=COS(ALPHR)

SALPH=S IN(ALPHR)

VT3=B58eVT

B200={ THRX#*CALPH-THRZ=*SALPH)/VT3 .
B201={ THRX#CSIGM% SALPH~THRY*SSIGM+ THRZ=CSIGM=CALPH)/VT3
VH3=B56#VH

B202={ THRX®#SSIGM#SALPH+THRY*CSIGM+ THRZ»SSIGM#CALPH)/VH3
B204=B56+B58
PTRRU=B56#8200-U*VH#B8201
PTTRU=-BS53%B200-V&VH*B201
PTPRU=~B54#B200-W»VHeB201
PTRRV=-B53%B200+B53#U/VH»B8201

ADT

PTTRV={B50+B52)#B200+B55#8202-U* (B56#B58-B51#B204)/VH3*B201

PTPRV=-B55#B200+B52#B202+857#B204/VvH3#B201
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6101

PTRRW==B54%B200+B50%W/VH*B 201
PTTRW=—B55#B200-B512B202+B57*B204/VH3*B201

PTPRN = (B50+B51)#B200~B55#B202-U* (B56%B58-B52+8204) /VH3 #8201
PTHRH==AE( ISTAGE ) *DP ERH

PTXRH=PTHRH#COSIT#COSDT

PTYRH=PTHRH#COSIT#SINDT

PTZRH=PTHRH#*SINDT

B300=( PTXRH®CALPH-P TZRH« SALPH) /VT

B301={ PTXRH#CSIGM#*SALPH~P TYRH® SSIGM+P TZRH=CSIGM*CALPH) /VT
B302=A PTXRH*SSIGM#SALPH+P TYRH®C SIGM+PTZRH=*SSIGM*CALPH) /VH
PTRRR=U#*B300+VH+B301

PTTRR = V#B300 - W#B302 - B53/VH=B30l

PTPRR = W#B300 + V#B302 - B54/VH=B301

CONTINUE

COMPUTE MATRIX F - SEE EQUIVALENCES
PFURU=B10#(CSIGM*VH#UsB31-B20~-(B50#830) )
PFVRU=-B61-B10*(B53%8304B840%Ve (B21+B50#B31)+
1B41%B54%B71)

PFWRU=—B62-B82-B10% (B54%B30+B40» W= (B21+
1850#831)~B41#*B53#B71)

PFRRU=1.0

PFTRU = 0.0

PFPRU = 0.0

PFURV=2.0%B61+B10%(B40*Vs (B21+B56%B31)1-B53#830)
PFVRY=—B60-B10#(B20+B51*#B30+B40*Us (B52/B56%821+
1B51%B31)+B41#B55% (B71-B21/B56%VT))
PFWRV=-W*B90-B81-B10%(B55%B30+B40*B57«(B31-
1B21/856)-B41#(B52/B56%B21»VT+B512871))

PFRRV = 0.0

PFTRV=1.0/R

PFPRV = 0.0 -
PFURW=2.0#B62+B82+B10%(B40%N*(B21+B56#B31)-854#830)
PFVRW=2,0#W*B90+B81-B10%(B55¢B30+B40*B57*(B31-B21/856)
1+B41#{B51/BS6#B21*VT+B52+B71))
PFWRW=—B60-V#B90-B10»(B20+B52#B30+B40*Us (B51%B21/B56+
1B52#B31)-B41#B55#(B71-B21/B56#VT))

PFRRW = 0.0

PETRW = 0.0

PFPRW=1.0/(R*STHET)
PFURH=B8103%(—UsVT#B101+CSIGM*VH*VT+B102)
PFVRH=-B103%(V*VT#B101+8102%(B40«B53#VT+B41*W#B58))
PFWRH=-B103#(WxVT#B101+B102¢(B40*B54«VT-B41#V=B58))
PFURR=—~B56/RSQ + B104*STHET + PFURH +D20/R3RD
14D11#41.0 — 3.0%B92) /RSTH

PFVRR=BS3/RSQ — W*B62%B90 + B104*CTHET + PFVRH — D12/R5TH*B91
PFWRR=B60#B62 + B61#WsB9I0 + PFWRH

PFRRR = 0.0

PETRR=-V/RSQ

PFPRR=—W/(RSQ*STHET)
PFURT=D32#R*B91+W*B81-D13/R4TH*BI1~PFURH*DRPRT
PFVRT==(B52/R)/B9I3+R*D30# (B92-B93)-BB2+W+D14/R4TH#(BI2~BI3)
1-PFVRH#*DRPRT

PFWRT=B61%W/B93 — B81sU + B82¢V - PFWRH=DRPRT

PFRRT = 0.0

PFTRT = 0.0

PFPRT=-W#B90/STHET

PFURP = 0.0

06
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PFVRP = 0.0
PFWRP = 0.0
PFRRP = 0.0
PFTRP = 0.0
PFPRP = 0.0

6280

6291

COMPUTE CF MATRIX

SQRHO=SQRT(RHO)

B404=(VT/1000. )==N1

B405={VT/10000.)®=aN2
B400=K1#R1#SQRHO*N1#B404/(1000.=#B858)
1+K2#R2#SQRHO#RHO*N2#B4057/(10000.2B58)
PFARR=K 1#R1%.5/SQRHO*DRRH*B 404

PFARU=B400+U

PFARV=B400=V

PFARW=B400=W

PFARR=K I#R1#.5/SQRHO*DRRH#B404 + K2#R2#]1,5#*SQRHO=DRRH#B405
PFART=-PFARR#DRPRT

PFARP=0.0

SCLCD=SQRT(CL#*##%2+CD»=52)
ACELG=RHO*B58/64.4%S/MASS*SCLCD

CALL MULG(50,NERR,ACELG,TAUTAB(1),TAU,TAUTAB(51))
CALL MULG{50,NERR,ACELG-.1, TAUTAB(1),LOW, TAUTAB(51))
CALL MULG(SO,NERR,ACELG+.1,TAUTAB(1),HIGH,TAUTAB(51})
DTRA-DERIVATIVE OF TAU WITH RESPECT TO ACELG
DTRA=(HIGH-LOW)/.2

B401=ACELG*DTRA/TAU%»2
B402=2,0+MACH/{CL%%2+CD#%2)e (CO*PCDRM+CL=PCLRM)
B403=-B401/B58#8402

PFBRU=B403+U

PFBRV=B403aV

PFBRW=B403#W

PFBRR=-B401/RHO*(DRRH — RHO#MACH/SOFS#DSRH/
L{CDO#»2 + CL##2)=(CD#PCDRM + CL=#PCLRM))
PFBRT=~PFBRR#DRPRT

PFBRP=0.0

PFCRU=0.0

PFCRV=0.0

PFCnW=0.0

PFCRR=0.0

PFCRT=0.0

PFCRP=0,0

IF(TIMEA .LE. TIMEH)GO TO 6280
IF(H-LT-AH2)GD TO 6280
PFCRR=2.,0#AH1/AH2#(H/AH2 - 1.0)
PFCRT==PFCRR#DRPRT

CONTINUE
B406=K1#R1#SQRHO%#B404+K2#R 2% SQRHO*RHO*B405
IF{B&406 .LT. AHR2)GO TO 6291
B407=2.0*AHR1/AHR2#(B406/AHR2-1.0)
PFDRU=B40T7=PFARU

PFDRV=B407#PFARYV

PFORW=B407#PFARW

PFDRR=B407#PFARR

PFDRT=B407=PFART

PFDRP=B40T#PFARP

GO TO 6292

PFDRU=0,0
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6292

6700

6300

6350

6351

6800
6801

6802

PFDRV=0.0

PFDRW=0.0

PFDRR=0.0

PFDRT=0.0

PFDRP=0.0

CONTINUE

ADD ON TERMS DUE TO THRUST
IF(EOST{ISTAGE) .EQ. 0.0) GO TO 6300
PFURU=PFURU+P TRRU/MASS
PFVRU=PFVRU+PTTRU/MASS
PFWRU=PFHRU+PTPRU/MASS
PFURV=PFURV+P TRRV/MASS
PFVRVEPEVRV4PTTRV/MASS
PFWRV=PFHRV+PTPRV/MASS
PFURW=P FURW+PTRRW/MASS
PFVRW=PFVRW+PTTRW/MASS
PFWRW=PFWRW+PTPRW/MASS
PFURR=PFURR+PTRRR/MASS
PFVRR=PFVRR+PTTRR/MASS
PFWRR=PFWRR+PTPRR/MASS
PFURT=PFURT-DRPRT#PTRRR/MASS
PFVRT=PFVRT-DRPRT#PTTRR/MASS
PFHRT=PFWRT-DRPRT#PTPRR/MASS
CONTINUE

ADJOINT DERIVATIVE ROUTINE 2
COMPUTE DERIVATIVES

DO 6350 J=14NT

DO 6350 I=1,6

DADJ(d4d) = 0.0

DO 6351 J=1.NT

DO 6351 I=146

DO 6351 K=1,6

DADJ( 1, 3)=F(KsI)*#ADJ(Ksd) + CFIK,1)#CADJI(K,J) + DADJ(I,J)
CALL TRAl4

ADJOINT TRIGGER RETURN

COMPUTE G MATRIX, COMPUTE GL, AND PRINT ADJOINT
GO TD{6801,6851,6900),NTRG

IFLEOSTGISTAGE) .NE. 0.0) GO TO 6802

PTRRA=0.0

PETRA=0.0

PTPRA
PTRRS
PTTRS
PTPRS
GO TO 6803

E1=CALPH/VT

E2 SALPH/VT

E3 VH=CSIGM

E4 VH=SSIGM

ES CSIGM/VH

E6 SS1IGM/VH

PTRRS ~THRX*#E4#E2 ~ THRY®E3/VT - THRZ=E4#E]

PTTRS THRX#SALPH# (B53#E6/VT — WeES) + THRY#(E5#853/VT +
1W=E6) THRZ#*CALPH® (B53%E6/VT — W#E5)

PTPRS THRX®=SALPH* (V*ES + E6#B54/VT) + THRY#{(E5#B54/VT -
1V#E6) THRZ*CALPH®{V*E5 + E6#B54/VT)

wowouu

Wotononn

+ I o+ i #H
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PTRRA
PTTRA

6803 CONTINUE

6811

6812

PARTIALS OF CL AND CD RESPECT 7O ALPHA

CALL CLCD{(ISTAGE,;ALPHR-.005,MACH,CLAL,CDAL)
CALL CLCD(ISTAGE,ALPHR+.005,MACH,CLAH,CDAH)

PCLRA={CLAH-CLAL)/.01
PCDRA=({ CDAH-CDAL ) /.01
B130=VT*PCDRA
B131=VT#PCLRA

THRX#(E1#E3 — U=E2) ~ THRZ*(El#U + E3#E2)
~THRX#(V#E2 + CALPH®(WeE6 + BS3/VT#ES)) +
1THRZ#{ SALPH=(W#=E6 + B53/VT=#ES) - VsEl)
PTPRA = THRX#{CALPH=(V#ES6 ~ B54#ES5/VT) — E2%NW)
ITHRZ*{SALPH={V#E6 —~ B54#ES5/VT) + W=El)

-

ADY

09

COMPUTE INFLUENCE FUNCTIONS AND EXIT TO 7000 WHEN LAST POINT SAVED
PFURA=-B10#(U=*B130 - CSIGM=VH#B131) + PTRRA/MASS

PFVRA==B10#(VeB130+B40*B53#B131+B41leWxVT#B131)+PTTRA/MASS
PFWRA=-B10#(W#B130+B40#B54#B131-B41leVaVT#B13]1)+PTPRA/MASS

PFURS=-B10*SSIGM»VH#B21+P TRRS/MASS

PFVRS=B10#(B41#B21#B53-B40«B21=2WaVT)+PTTRS/MASS
PFHRS=B10#({B41#B21#B54+B402B21«VaVT)+PTPRS/MASS

PFRRA=0.0
PFTRA=0.0
PFPRA=0.0
PFRRS=0.0
PFTRS=0.0
PFPRS=0.0
PFARA=0.0
PFARS=0.0

PFBRA=—B401/(CD*#2 + CL#»2)#(CD#PCDRA + CL#PCLRA)

PFBRS=0.0
PFCRA=0.0
PFCRS=0.0
PFDRA=0.0
PFDRS=0.0
PFERA=0.0
PFERS=0.0
PFFRA=0.0
PFFRrS$S=0.0
IF(TIMEB .EQ. 0.0) NG=NIF+l
NG=NG~-1

DO 6811 1=1,9
DO 6811 J=1,2
GL{IsJyNG)=0.0
DO 6812 I=1,NT
D0 6812 J4=1,2
DO 6812 K=1,6

GLE I9JoNG)=GLU 14 JsNGI+G(K,J)#ADI(K I} +CG(K,J)=CADI(K,I)

SAVE CONTROL VARIABLES
ATABSING)=ALPHR

STABSI{NG)=SIGMR

SET TRIGGER FOR NEXT RETURN
GTRG=GTRG + DELTB

IF(MOD{NGy10) .NE. 1) GO TO 6821
IF{PRTOPT(3) .EQ. 0.0) CALL TRAl4
IF(TIMEB .NE. 0.0) GO YO 6820
PRINT ADJOINT HEADINGS
WRITE(JTAPE,9070) CASENO,ID




70 - - - - - - - -

— T0S 9 23 SEPT 64 ADT 10

WRITE{JTAPE,9071) ((CADJ(I,J)31=146),J=1,NT}

— 6820 WRITE{JTAPE,9072) TIMEA,{({ADJLI4J),1=1,6),(6GL(J,IsNG),I=1,2),
L 1J=1,N7T)

IF{PRTOPT(3) .LE. 1.0) GO TO 6821
—_ WRITE{JTAPE,9073) ((DADJ(15d)eI=1,6),J=1,NT)

HRITE{J?APE,9074) ((F(I'J’:legﬁi'1=l16,'(‘CF(113’3J=1:6)9I=116)

WRITE{JTAPES9075) ((G(I1,J)91=1,6)4J=152)4({CGL{I,d}:I=146),J=1,2)
6821 CONTINUE

IF{ NG .NE. 1 ) CALL TRAl4

GO 170 7000

;e

. 6851 IF(TIMEB .EQ. 0.0) GO TO 6853
ISTAGE=1STAGE-1
6853 IF(ISTAGE .EQ. 1) GO TO 6852
STRG = TFINAL - EOST(ISTAGE-1)
CALL TRA24
6852 CALL BFF(2)
CALL TRA24
6900 IF(LAMP(1)} .NE. 0.0 .AND. NC .NE. 0) GO TO 6903
6901 CALL OFF{3)
CALL TRAl4
6903 IF(TIMEB .NE. 0.0) GO TO 6908
DO 6905 1=2,9
‘ KT=1
IF(LAMP{I) .EQ. 0.0) GO TO 6906
N 6905 CONTINUE
: KT=10
6906 KT=KT-1
. 6907 DTRG=TFINAL - LAMP{KT)=TFINAL
L CALL TRAl4
6908 DO 6909 I=1,12
. 6909 STVRSA I,KT)=STVR(I)
& DO 6910 Js1,8
DO 6910 I=1,6
6910 LAMBDA(I,J,KT)=ADJ(I,J+1)
) KT=KT - 1
IFLKT .EQ. O) GO TO 6901
&0 TO 6907

7000 CONTINUE

DELTA=DELTB
C COMPUTE INTEGRALS SIMPSON-S RULE

DO 7001 I=1,9
DO 7001 J4=1,9

7001 INTGL{1,J)=0.0
DO 7005 I=1,NIF
TIME=FLOAT(I-1)*DELTA

e CALL MULG{SO,NERRyTIME,WTAB WT(1,1),WTAB(1,2) 4WT(242),WTAB{1,3))
$C=1.0

B IF(I .EQ. 1 .OR. I.EQ. NIF)GO TO 7003

o $C=4.0

IF(MOD(1,2) .NE. 0) S$C=2.0
R 7003 CONTINUE
a DO 7005 J=1,NT
DO 7005 K=1,J
DO 7005 M=1,2
7005 INTGL{JsK)=SC2GLIJ,MyI)/WT(M;M)I#GLIK, My 1) +INTGLUYSK)

N

77N ) 8 - 3 7
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DO 7007 J=14NT
DO 7007 K=1,J
INTGL(JKI=INTGL{JsK}=DELTA/3.0
7007 INTGLAK»J)=INTGL{J,sK)
IHH=INTGL{1,1)
DO 7009 I=1,8
7009 ISH{1)=INTGL{I+1,1)
DO 7011 I=1,8
DO 7011 J=1,8
7011 ISS(I1,J)=INTGL({I+1l,J+1)
RETURN
8001 WRITE(JTAPE;9010)
9010 FORMAT{ 11H ERROR MARK )

11

NF=2

9011 FORMAT ( 6E15.5 )
RETURN

9070 FORMAT{ 107H1 RAYTHEON THREE-DIMENSIONAL TRAJECTORY OPTIMIZATION P
1ROGRAM TOS9 ADJOINT TRAJECTORY CASEND ITNG /
292X F8.0,FTa1:0.2X53A6)

9071 FORMAT( 28HO CONSTANT ADJOINT EQUATIONS 7/ 12X, 48H LHEAT
1LACEL PF LALT PF LHTRT PF / (1PE24.4,5E12.4})

9072 FORMAY( 108HO TIME LU Ly LW
1 LR LT LP GLA GLS /

2 F12.3,1P8E12.4 /(E24.4,TE12.4))
9073 FORMAT{ 13HO DERIVATIVES / (1PE24.445E12.4))
9074 FORMAT{ 10HO F MATRIX / (1Xs1P6E12.4))
9075 FORMAT( 10HO G MATRIX / (1X3;1P6E12.4))
END

)
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$IBFTC CLD

SUBROUT INE CLCO(ISTAGE,ALPHRsMACH,CL,CD)

COMMON 7/ INPUT / CASENO(2),IDL3),XVT,XGAMMD ,XBETAD,XH, XTHETD,
1XPHID+GSsGMASS»PAYOFF,.STOP,STOPV,HP,AIT,XDPSQ,A11,A12,A21,
2A224A31,A32,A33,0DELF,CEHIM,0PSQM,K1,R1 yN1 K2 ,R2,N24AHL,AH2Z,
3AHR1; AHR2,LAM, SLPEsMUsRF yGJsOMEGA,RE yRPC 4 TLIM,HLIM,
4A234A34,0RDA HNOMA, EUA,ELA,HMAXA ,HMINA,YCA,
50RD8, HNOMB, EUB, ELB,HMAXB,HMINB, YCB

COMMON / INPUT / ANTABX(100),SNTABX(100),CON(8),SIT(8),SIB(8),
LEPS(8)s.EOST(4),AE(3),REFA(3),dT(3),DT(3),TMTAB(150),TAUTAB(100),
2WTAB(5043),MTAB(11,4),ATAB(2644),CLTAB(150,4),COTAB(150,4),DELTA,
3ATABXA2011,STABX(201),LAMTAB(9),PRTOPT(4),INPUTX(10)

COMMEBN / INPUT / HFMT(220),DFMT(220),1G0(340)

REAL K1yN14K2,N2,IT,MU,LAM,LAMTASB

ALPHA=ABS(ALPHR*57.2957795)

CALL BILIN(N,MACH,MTAB(1,ISTAGE) ,ALPHA,ATAB(L,ISTAGE),
1CL,CLTAB(1, ISTAGE),CD,CDTAB(1,ISTAGE))

CL=CL=SIGN(1.0,ALPHR)

RETURN

END
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$IBFTC PRL
SUBROUT INE PARTAL{FNO,STOR)
C
C COMMON FOR ALL PRODGRAMS
C
COMMON /7 INPUT / CASENO(2),ID{3) s XVT s XGAMMD ; XBETAD s XH, XTHETD,
lXPHIDgGS,GHASS:PAYGFFwSTOP,STGPV,HPgAIT,XDPSQ,AllgAlZvAZI:
2A22sA313A32yA33:DELF:CEHIMgDPSQM'KlsRlqu.KZ;RZ,NZ:AHl,AHZ.
3AHR19AHRZ:LAM;SLPEWHUmRFpGJgGMEGAtRE9RPCyTLIH,HLI“.
4A23,A34,0RDA, HNOMA, EUA, ELA ;HMA XA (HMINAYCA,
50RDB, HNOMB EUB,ELB; HMAXB , HMINB , YCB
COMMON /7 INPUT / ANTABX(IOO’,SNTABX(lOO’gCON(B):SIT(B)'SIB(S)t
IEPS(B,QEDST(4)NAE(3"REFA‘3,91‘(3"DT(3)GTMTAB(150,'TAUTAB(IOO"
2HTAB(50*3)9MTAB(1114)1ATAB(26»4)'CLTAB(15014)9CDTAB(150:4)10ELTA:
3ATA8X(201)9STABX(ZOl)gLAMTAB(9)gPRTUPT(#’.INPUTX(lO)
COMMON 7/ INPUT /7 HFMT(220),DFMT(220),160(340)
REAL K1lgN1,K2oN2,IT,MU;LAM;LAMTAB
COMMON /7 VAR / RADIAN,D10,D11,012,D013,D14,020,030,D31,032,
lALPHDgSIGMD:ALPHR,SIGMR,CSIGHgSS‘GMaCTHETpSTHET,R.H.VHSQv
ZVTSQQvaVTﬂPEAkaO’SOFSQMACH'MASS!TH[THR'COSIT.SINIT’CGSDT'
35!NDTgFHRX,THRYgTHR19CALPH,SALPHgClgCZ9C39C4|C59569THRR,THRT,
-4THRPgSyleXZgX3pX41X51X69X79X89X99RSQ9R4TH9SQRHUpACELGpTAUg
5TIMEHyCLgCDgTFINAL;B5698589PEH9RHUH:SOFSH.PEL,RHUL,SDFSL,
6DPERH'DRRH0DSRH:CLHM:CDHM:CLLH»CDLM:PCLRM9PCDRM90RPRT,BIOi
7320:BleB30:B3l:B4O:8419850’85113529853)35418551357086003611
8862,370937193819382189013919B92;B9318100p3101,8102g310398104;
9R3RDqRSTHgVT358200r3201'VH3n8202QBZO#VPTRRU:PTTRU'PTPRU
COMMON / VAR / PTRRV,PTTRV;PTPRV,PTRRW:PTTRW,PTPRWs PTHRH,
lPTXRHaPTYRH,PTZRH»B300.B301.B302pPTRRRgPTTRR!PTPRR:B404!
2840513400pSCLCUgDTRAQB4019B402gB403|B406gB407qPTRRA‘PTTRAv
3PTPRAwPTRRSnPTTRSpPTPRS:E1152953154:55v567CLAL,CDAL15LAH1
4CDAH,PCLRA'PCDRArBl30rBl31;PTRG'STRG,DTRG,GTRG:SRAT'
SMUDgNUDmPHISD:THETSD:BETAD'GAMMAD1THETD,PHID,DYNA95NER’AST:RG
COMMON /7 VAR / SFRH(lSOO):GL(992w201,aATABS(ZOl"STABS(ZOI)r
IPARTS!14)3PARTC(14)'CADJ(619)|F(616,|CF(606)vG(6'2,955(6’2)
COMMON /7 VAR /7 LAMP({9),VARX(25)
REAL MACH;MASS,LAMP
COMiiON /7 ANAL / HIyHIS,SIA(ﬁ)gSIAS(B)9SIE(8)gSIES(8)yCSIA9
ICSIASrCDSIP'CDSIAgCRDSIyCHlA'CHIASVCDHIAsCDHIPgCRDHI1DSIA(8’g
ZRDSI(8)tDHIA'DHIP'RDHIQDPOEH['CEHIQINTGLtg'q)IIHH'ISH(B”
3135(8&8)'HT(ZWZ)hFltFZQSID(B)DSFCQDSI(B’VDSIJQDBETA(a"
4ISSIL{8,;8),DPSQ,DPSQK . IHHK ; ISHK(8) ISSK(8,8)
5ISSILK(G,B)sDBETAKKB)QSTVRS(12»9)9LAMBDA(6|899),SFCKQF1K:
6F 2K
REAL iNTGLvIHHWISHvISS»ISSIL,‘NTGLK,IHHK,XSHK:ISSK:ISS!LK!
1LAMBDA
COMMON 7/ IVAR 7/ JTAPEJKTAPE LTAPE I TNsITTN,ISTAGE:+NC,
INT s NRTNNTRG,KACC KA, KSyNIF,NG,L(8),LS(8)
EQU!VALENCE(SFRM(ZOOO)mNORA(ZOOO)9HNA(1997)1NEQA(1996):
1TIMEA(1995)'U(1993)»V(1992)'N(1991"RX(1990‘1THETR(1989'7
ZPHJR(1998)|PA(1987)1?8(1986);PC(1985’:PD(1984"PE(I983,1
3PF(1982),U1(1981’;V1(1980)1"1(1979)'RX1(1978)'THETR1(1977)9
4PHIR1(1976)19A1(1975’9P81(1974)9PC1‘X973’oPDl(1972"PE1(1971)1
SPF1(1970))
DIMENSION ADJ(6,9), DADJ(6,9)
EQUIVALENCE(SFR”(2000).NORB(1931)oHNB(1978)'NEQB(1977,1
ITIMEB{1976),ADJ{1974),DADJ(1920}))
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DIMENSION STVR{:12)
EQUIVALENCE(STVR(1),U)

END OF COMMON FOR ALL PROGRAMS

DIMENS LON STOR(14),HS{13)

SUBROUTINE TO COMPUTE PARTIAL DERIVATIVES OF FUNCTION(FNO)
FNO=NUMBER OF FUNCTION

STOR=STORAGE FOR PARTIAL DERIVATIVES
EQUIVALENCE(U,STATE(1)),(UL,DERV(1)})
DIMENSICON STATE(13),DERVI13)
STOR(-1)THROUGH STOR(13)PARTIAL DERIVATIVES OF FUNCTION(FNO)
WITH RESPECT TO UsVsWsHsTHETR,PHIRAyB4sC4DyE,F,AND TIME,
RESPECTIVELY

STOR{14)TOTAL DERIVATIVE OF FUNCTION(FNO)WITH RESPECT TO TIME
REAL LOW ’
HS(1)=1.0

HS(2)=1.0

HS{3)=1.0

HS(4)=500.0

HS(5)=,.01

HS(6)=.01

HS(7)=1.0

HS(8)=1.0

HS{9)=1.0

HS(101)=1.0

HS(11)=1.0

HS(12)=1.0

HS{130=1.0

DO 10 I=1,12

STATE(I)=STATE(I)-HS(1)

LOW=FUNCT(FNO)

STATE( I )=STATEGI)+HS(I)+HS(1)
HIGH=FUNCT(FNO)
STOR(I)=(HIGH-LOW)/(2.0%HS(I})}
STATE(I)=STATE(1)-HS{I)

CONTINUE

TIMEA=T IMEA-HS(13)

LOW=FUNCT{FNDO)

TIMEA=TIMEA + HS(13) + HS(13)}

HIGH=FUNCT{ FNO).

TIMEA=T IMEA - HS(13)

STOR(13)=(HIGH - LOW)/{2.0%HS(13))
STOR(14)=STOR(13)

DO 20 I=1,12
STOR(14)=STOR(14)+STOR(1)=DERV(I)

CONTINUE

RETURN

END

02
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FUNCT-ION FUNCT{FNO)
COMMON FOR ALL PROGRAMS

COMMON 7/ INPUT / CASEND(2)},ID(3) 3 XVT;XGAMMD ¢ XBETAD XHy XTHETD
1XPHID, GSyGMASS s PAYOFF,STOP, STOPY,HP Al T,XDPSQ,A11,A12,A21,
2A22,A314A32,A33, DELF;CEHIM,DPSQMsK1sR1 N1 yK2,R2 4N2 ;AHL s AH2,
3AHR1, AHR2,LAM; SLPE;MU;RF;GJsOMEGA,RE jRPC s TLIMyHLIM,
4A23;A34, 0RDA,HNOMA . EUAELA sHMAXA HMINA ; YCA,
50RDB, HNOMB; EUB, EL B, HMAXB ; HMINB » YCB

COMMON / INPUT / ANTABX(100),SNTABX(100) ,CON(8),SIT(8),SIB(8]),
IEPS(B)'EOST(Q)nAEIB)gREFA(3),IT(3)gDT(B)9TMTAB(150)gTAUTAB(100).
2NTAB(50$3)9MTAB(11g4),ATAB(2694)'CLTAB(150.4).CDTAB(ISO:4);DELTA:
3ATABX({201),STABX{201),LAMTAB(9),PRTOPT(4),INPUTX(10)

COMMON 7/ INPUT / HFMT{220),DFMT(220),;160(340)

REAL K1yN1sK2,N2,IT,MU;LAM,LAMTAB

COMMON / VAR / RADIAN,D10,D11,012,D13,D14,020,D30,D31,D32,
1ALPHDsSIGMDs ALPHR 3 SIGMR yCSIGMy SSIGMeCTHET s STHET s RyH VHS Qs
2VTSQ,VHs VT s PEARHO; SOFSsMACH ;MASS, TH; THR,COSIT,SINIT,COSDT,
3SINDT, THRXy THRY ; THRZ yCALPH; SALPH,C1,C2,L3,C4:C5,C6,THRR,THRT,
4THRP Ss X1y X259 X35 X435 X5 X639 XT X85 X9, RSQsR4TH, SQRHO,ACELG, TAU,
5T IMEH, CLyCDy TFINAL,B567B58¢PEH,RHOH, SOF SH,PELsRHOL,SOFSL,
6DPERH, DRRHy DSRHy CLHM; COHM,CLLM,CDLM,PCLRM,PCDRM,DRPRT,;B10,
7820,821,830,831,B40,B41,B850,851,852,B53,B54,855,B57,B60,B61,
8R62,870,871,881,882,890,891,892,893,8100,8101,8102,8103,B8104,
9R3RD, R5TH,VT3,B200,8201,VH3;8202,B204,P TRRU,PTTRU,PTPRU

COMMON / VAR / PTRRV,PTTRV;PTPRV;PTRRW;PTTRW,PTPRW,PTHRH,
1PTXRH, PTYRH, PTZRH,B300,8301,8302,PTRRR,PTTRR,PTPRR,B404,
28405, 8400, SCLCD;DTRA,B401,B8402,8403,8406,B407,PTRRA,PTTRA,
3PTPRAy PTRRS g PTTRS,PTPRSyELsE2,E34E4+ES,E6,CLAL,CDAL,CLAH,
4CDAHy PCLRA; PCDRA;B130,B131,PTRG;STRGDTRG;GTRG;SRAT,

SMUD,NUD PHISD; THETSDyBETAD , GAMMAD ; THE TD , PHID ,DYNA,ENER, AST,RG

COMMON / VAR / SFRM{1500),6GL(9,2,201);ATABS(201),STABS(201),
1PARTS(14),PARTC(14),CADJI(6:9)sF(646)4CF(6,6)+G(652),CG(642)

COMMON / VAR / LAMP(9),VARX(25)

REAL MACH;MASS,LAMP

COMIIN 7 ANAL / HI,HIS,SIA(8),SIAS(8),SIE(8),SIES(8),CSIA,
1CSIAS,CDSIP,CDSIA,CRDSICHIA,CHIAS,COHIACOHIP;CRDHI ,DSIA(8)+
2RDSI{(8),DHIA,DHIP 4RDHIDP yEHI ,CEHI INTGL(9,9),IHH,ISH(B),
31SS(8,8),WT(2;2),FL,F2,SID(8),SFC,DSI(8),DSIJ,DBETA(B);
41SSILE{B,8)yDPSQ,DPSQAK IHHK , ISHK(8),ISSK(8,8),
5ISSILK(8:8),DBETAK(8),STVRS{12,9),LAMBDA(6+8,9) sSFCK,F1K,
6F 2K

REAL INTGLy IHHs ISHy 1SS, ISSILoINTGLKy IHHK s ISHK;ISSKyISSILK,
1L AMBDA

COMMON 7/ IVAR /7 JTAPEKTAPE,LTAPE,ITN,ITTN;ISTAGE,NC,

INT . NRTNgNTRG;KACC;KAoKSsNIFNGsL(8),LS(8)

EQUIVALENCE({ SFRM( 2000) ;s NORA (2000) sHNA(1997) »NEQA (19961,
1TIMEA(1995),U(1993),V{1992),W{1991),RX{1990),THETR(1989),
2PHIR(1988),PA(1987),PB(1986),PC{1985),PD(1984),PE(1983),
IPF(1982),U1(1981),V1{1980),W1(1979),RX1(1978),THETRL(1977),
4PHIR1(1976)sPA1(1975),PB1(1974),PC1(1973),PD1(1972),PEL(1971),
SPF1(13701)

DIMENSION ADJ(6,9); DADJI(6,9)

EQUIVAL ENCE(SFRM(2000);NORB(1981) ,HNB (1978) «NEQB (1977},
1TIMEB(1976),ADJ(1974),DADJ(1920))
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DIMENSION STVR(12)
EQUIVALENCE(STVR(1),U)}

END OF COMMON FOR ALL

FCY

PROGRAMS

COMMON / ISTATE / UNgVNsWNRXN; THETN;PHIN)VHN,CTHTN, STHTN

REAL MUR,MUD,NUR,;NUD
DIMENSION A(3)

SUBROUTINE TO COMPUTE PAYOFF,STOPPING,

N=ABS (FNO)

IF(N .NE. 0) GO TO 100
FUNCT=0.0

RETURN

IF( N .GT. 23) GO TO 99

AND CONSTRAINT FUNCTIONS

02

GO TO{1952+35495969758+9210411412,13,14,15,16,17,18,19,20,21,22,23)

o N

FUNCT=T IMEA

RETURN

FUNCT=U

RETURN

FUNCT=V

RETURN

FUNCT=W

RETURN

FUNCT=RX+RE

RETURN
FUNCT=THETR%57.2957795
RETURN
FUNCT=PHIR®*57.2957795
RETURN

FUNCT=PA

RETURN

FUNCT=PB

RETURN

FUNCT=PC

RETURN

FUNCT=PD

RETURN

FUNCT=PE

RETURN

FUNCT=PF

RET.URN

CONTINUE

CONTINUE

CONTINUE

N=N-13
SPMPN=SIN{PHIR~PHIN)
CPMPN=COS(PHIR-PHIN)

CNSM=(SIN{THETR)*#(UN#CTHTN#CPMPN + VWN#SPMPN) -

CNCM=CTHTN#COS({:THETR) + STHTN#SIN(THETR)=CPMPN

MUR=ATANZ2(CNSM,CNCM)
S INMU=SIN(MUR)

SINNU=(WN#STHTN#COS(THETR) - SIN(THETR)»{WN=*CTHTN=
1CPMPN — VN#SPMPN) )/ VHN

NUR=ATAN2{ S INNU#*S INMU,CNSM)

TANNUES INNU2S INMU/CNSM
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124
125
126
127
18
19

20

21
22

23

PHIS=ATANZ( TANNU,; SINMU)
THETS=ATANZ2(SQRT{SINNU#%2 + COS(NUR)=#2=SINMU#22) ,COS(NUR)
1#COS{MURY)

MUD=MUR=RADIAN

NUD=NUR=RADIAN

PHISD=PHIS*RADIAN
THETSD=THETS#RADIAN

GO TO (1245,125,1264127),N

FUNCT=MUD

RETURN

FUNCT=NUD

RETURN

FUNCT=THETSD

RETURN

FUNCT=PHISD

RETURN

FUNCT=RX + (RE — RPC)®COS(THETR)#=%2
RETURN

FUNCT=SQRT(U=#22 + Vax2 + Wex2)
RETURN

R=RX + RE

FUNCT=MASS*( (Unn2+Van2+W*22)/2.0-MU/R-(1.0-3.0#COS(THETR)

1##2)/3.0%(RF/R)#%32MU=GJ/RF)

RETURN

FUNCT=ATAN2(U,SQRT(V#%2 + W*22))*57.2957795
RETURN

FUNCT=ATAN2(W,V)#57.2957795

RETURN

CALL ATM(RX + (RE - RPC)I=COS(THETR)==2,A)
FUNCT=.5#A(2)#(Ux22 + Vau2 + Wexr2)

RETURN

END
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$IBFTC SFR

c
c
c

SUBROUT INE SFRHWD(M)
COMMON FOR ALL PROGRAMS

COMMON / INPUT / CASENDO(2),ID{3)4XVT 2 XGAMMD  XBETADsXHs XTHETD,
IXPHIDyGS»GMASS+PAYOFF+STOP,STOPV,HP,AIT,XDPSQ,A11,A12,A21,
2A22;A31,A32,A33,DELF,CEHIM,DPSQM;K1;,R1 N1 ,K2,R2,N2,AHL,AH2,
3AHR1y AHR2,LAM, SLPEsMUsRF 3 GJyOMEGA yRE sRPC, TLIM,HLIM,
4A23,A34,0RDAy HNOMA; EUA; ELAHMAXA ;HMINA,YCA,
50RDBy HNOMB, EUB,ELB;.HMAXB, HMINB, YCB

COMMON / INPUT / ANTABX(100),SNTABX(100),CON(B)},SIT(8),SIB(81},

LEPS{8), EOST(4),AE(3),REFA(3),1IT(3),DT(3),TMTAB(150),TAUTAB(100),
ZATAB(5043)yMTAB(11,4),ATAB(26,4),CLTAB(150,4),COTAB(150,4),DELTA,

3ATABX{201), STABX(201),LAMTAB(9),PRTOPT{4) ,INPUTX(10)

COMMON / INPUT / HFMT{220),DFMT(220),160(340)

REAL K1yN1;K2,N2; IT,MU;LAM;LAMTAB

COMMON / VAR / RADIAN,D10,011,012,013,D14,020,D30,D31,032,
1ALPHD, SIGMD, ALPHR, STGMR ,C SIGM; SSIGM,CTHE T, STHET,R,H, VHSQ,
2VTSQ; VH,VT, PEA,RHO; SOFS,MACH,MASS, TH, THR,COSIT,SINIT,COSDT,
3SINDT s THRXs THRY; THRZ ; CALPH, SALPH,C1,C2,C3,C4,C5,C6, THRR, THRT,
4THRP, S3X15X2 X35 X42.X55.X69 XTs X8y X9, RSQsR4TH, SQRHO,ACELG, TAU,
5T IMEH; CL,CDy TFINAL ;B565858,PEHRHOH , SOF SH,PEL ,RHOL , SOFSL,
6DPERH, DRRH;y DSRHy CLHM, CDHM sCLLM,CDLM,PCLRM, PCDRM,DRPRT,B10,
7820,821,830,831,B40,B41,850,851,852,B53,B54,B55,857,B60,B861,
8862,870,871,881,B82,890,891,892,893,8100,8101,8102,B8103,B104,
9R3RDy RSTH, VT3, B200,B8201,VH3,8202,B204,PTRRU, PTTRU, PTPRU

COMMON / VAR / PTRRV,PTTRV,PTPRV,PTRRWsPTTRWsPTPRW,PTHRH,
1PTXRH, PTYRH, PTZRH,B8300,8301,8302,P TRRR,PTTRR,PTPRR ,B404,
2B405,B8400,SCLCD,DTRA,B401,B402,B403,B406,8407,PTRRA, PTTRA,
3PTPRA,PTRRS,PTTRS,PTPRS,E1,E2,E3,E4,E5,E6,CLAL,CDAL,CLAH,
4CDAH; PCLRA, PCDRA,B130,B131,PTRG,STRG ;D TRG 4G TRG 4 SRAT,

SMUD, NUD o PHISD; THETSD,BE TAD ;GAMMAD , THE TD, PHID ,DYNA , ENER , AST,RG

COMMON / VAR / SFRM{1500),6L{9,2,201),ATABS(201),STABS(2011),
1PARTS{ 14) s PARTC(14),CADI{6+9)sF(646) ,CF(646),6(652),C6(6,2)

COMMON / VAR / LAMP(9),VARX(25)

REAL MACH,MASS;LAMP _

COMMON / ANAL / HI HIS,SIA(8),SIAS(8),SIE(8},SIES(8},CSIA,
1CSIAS,CDSIP,CDSIA,CRDSI,CHIA,CHIAS,COHIA,COHIP,CRDHI ,DSIA(8]),
2RDSI(8),DHIA, DHIP ,RDHI 0P s EHI yCEHI s INTGL(9,9) ,IHH,ISH(8),
31SS18,8),WT(2,2),F1,F2,SID(8),SFC,DSI(8),0S1J,DBETA(8),
4ISSIL{8+8),0PSQ,DPSQK,IHHK ,ISHK (8) ,ISSK(8,8),
SISSILK(8,8),DBETAK(8),STYRS(12,9) +LAMBDA(6,8,9) ,SFCK,F1K,
6F2K

REAL INTGL s IHH; ISH; 1SSy ISSIL s INTGLK, IHHK,1SHK,I1SSK,ISSILK,
1LAMBDA

COMMON / IVAR / JTAPE,KTAPE,LTAPE,ITNsITTN,ISTAGE,NC,
INT3.NRTNsNTRGyKACC KA, KSsNIF,NG,L(8),L5(8)

EQUIVALENCE(SFRM(2000),NORA(2000) ,HNA(1997) ,NEQA(1996),
1TIMEA(1995)5U(1993),V(1992),W(1991),RX{1990),THETR(1989),
2PHIR(1988),PA(1987),PB(1986),PC(1985),PD(1984),PE{1983),
3PF(1982),UL(1981),V1(1980),W1(1979),RX1{1978), THETRL (1977},
4PHIR1(1976),PAL(1975),PB1(1974),PC1(1973),PD1(1972),PEL(1971),
SPF1(1970))

DIMENSION ADJ{6,9), DADJ(649)

EQUIVALENCE( SFRM(2000) ;NORB(1981) ,HNB (1978) ,NEQB(1977),
1TIMEB(1976),ADJ{1974),DADJ(1920))

8-45

01



OO0

T0S 9 23 SEPT 64

10

DIMENSION STVR({12)
EQUIVALENCE{STYR(1),U)

END OF COMMON FOR ALL

COMMON / FORW / STRAJ(20513)
GO TO (152)M

CONTINUE

IF{TIMEA .EQ. 0.0) GO TO 5
IF{TIMEA .LT. PTIMEA) RETURN
PTIMEA=TIMEA

GD 70 7

PTIMEA=0.0

N=0

N=N+1

STRAJ(N,1)=TIMEA
STRAJAN,2)=U

STRAJI(N,3)=V

STRAJ{N, &) =W

STRAJ(N,5)=RX
STRAJ{N,6)=THETR

STRAJ(N, T)=PHIR
STRAJ(N,8)=PA
STRAJ(N,9)=PB
STRAJ(N;10)=PC
STRAJ(Ns11)=PD
STRAJ{N,12)=PE
STRAJ(N+13)=PF

IFIN -NE. 19) RETURN
CONTINUE

PROGRAMS

WRITE{LTAPE) Ny ((STRAJ(I1,4);,1=1519),3=1,13)

N=0

DO 10 I=1,19
D0 10 J=1,13
STRAJ{I,J)=0.0
RETURN

END

SFR
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$IBFTC ITM
REAL FUNCTION 1ITEM(I,J)
c
C COMMON FOR ALL PROGRAMS
c

COMMON / INPUT / CASENO{2),ID{(3),XVT,XGAMMD s XBETAD ¢ XHy XTHETD,
IXPHID,GS,GMASS ,PAYOFF,STOP,STOPV,HP,AIT,XDPSQ,A11,A12,A21,
2A22,A31,A32,A33,DELF,CEHIM,DPSQM,K1,R1 N1 +K2yR2,N2,AHL1 AH2,
3AHR1¢ AHR2y LAMy SLPEsMUsRF ¢GJsOMEGARE yRPCyTLIMsHLIM,
4A23,A34,0RDA, HNOMA; EUA, ELA,HMAXA sHMINA, YCA,
50RDB5.HNOMB, EUB, ELB,HMAXB,HMINB ;, YCB

COMMON /7 INPUT / ANTABX(100),SNTABX(100),CON(8),SIT(8),S5IB(8),

1EPS(8), EOST(4),AE(3),REFA(3);IT(3),DT(3),TMTAB(150),TAUTAB(100),
2WTAB(50,3),MTAB(11,4),ATAB(26,%4),CLTAB(150,4),CDTAB(150,4),DELTA,

3ATABXA 201 ); STABX(201),LAMTAB(9)} ,PRTOPT(4) ,INPUTX(10)

COMMON / INPUT / HFMT(220),DFMT(220),160(340)

REAL K1sN1,K2,N2,1T,MU,LAM,LAMTAB

COMMON / VAR / RADIAN,D110,D11,D}2,D13,D14,D20,030,D31,D32,
1ALPHD,SIGMD, ALPHR ; SIGMR yCSIGM; SSIGM,CTHET STHETsR,H, VHSQ,
2VTSQoVHe VT PEA,RHO, SOFSyMACH,MASS, TH, THR,COSIT,SINIT,COSDT,
3SINDT s THRX, THRY s THRZ s CALPH, SALPH,C14C2,C39C44C5,C6,THRR,THRT,
4THRPy S %15 X293 X3¢ X4 X55:X69XT X8 X9,RSQsR4TH, SQRHO,ACELGTAU,
STIMEH,CL,CD, TFINAL;B56,B58,PEHsRHOH,SOFSH,PELsRHOL,SOFSL,
6DPERMy DRRHy DSRHy CLHMCOHM,,CLLMsCDLM,PCLRM,PCDRM,DRPRTB10,
7820,821,830,831,840,841,850,851,852,B53,854,B855,B57,B60,B61,
8B62,B70,871,B81,B82,890,891,892,893,8100,B101,B102,8103,B8104,
9R3RD;R5TH,VT3,8200,B201,VH3,B202,8204,PTRRU,PTTRU,PTPRU

COMNON /7 VAR 7 PTRRV PTTRV,PTPRV,PTRRW PTTRW,,PTPRW,PTHRH,
1PTXRH, PTYRH,PTZRH,B8300,B301,8302,PTRRR,PTTRR,PTPRR,B404%,
2B405,.8400,;SCLCD,DTRA;B401,8402,B403,B406,B407,PTRRA,PTTRA,
3PTPRAPTRRS PTTRS s PTPRSIELIE24E39E4,ES5,E6,CLAL,CDALCLAH,
4CDAH, PCLRAPCDRA;B130,B131,PTRGsSTRG,DTRGsGTRG,SRAT,
SMUD¢NUD,PHISDs THETSD,BETAD ,GAMMAD  THETD ; PHIDDYNAENER,; AST,RG

COMMON /7 VAR 7 SFRM({1500),6Lt9,2,201),ATABS(201),STABS{(201),
1PARTS(14),PARTC(14),CADJ(699)sF(636) ,CF{64,6)46(692),C6(6,2)

COMMON /7 VAR 7 LAMP(9]),VARXI(25)

REAL MACH MASS,LAMP
1CSIAS,CDSIP,CDSIACRDSIJCHIASCHIAS,COHIA,CDHIP,CRDHI,DSIA(8),
2RDSI(:8)yDHIA,DHIP RDHL,DP yEHIWCEHI sINTGL(9,9) ,IHH,ISH(8)},
3ISS(858)eMT(24,2),.F1,F2,SID(8),SFC,DSI(8),DSIJ,DBETA(8)},
4ISSIL{848)sDPSQsDPSQKIHHK,ISHK(8),1SSK(8,8),
S1SSILK(8,8),DBETAK(8),STVRS(12,9);LAMBDA(6,8,9) sSFCK,F1K,
6F2K

REAL INTGL,y IHH, ISH.ISSyISSIL INTOLK,IHHK,ISHK,ISSK,ISSILK,
1LAMBDA .

COMMON / IVAR /7 JYAPEKTAPE,LTAPE,ITN,ITTIN,ISTAGE,;NC,

INT s NRTNyNTRG, KACC KA KS,NIF,NG,L(8)},LS(8)

EQUIVALENCE(SFRM({2000),NORA(2000) yHNA(1997) ,NEQA(1996),
1ITIMEA{1995),U{1993),V{1992),W(1991),RX(1990),THETR(1989),
2PHIR(1988),PA(1987),PB(1986),PC(1985),PD(1984),PE(1983)},
3PF{1982),U1(1981),V1(1980)4WLL1979),RX1(1978),THETR1I(1977),
4PHIR141976),PAL1(1975),PB1(1974),PC1(1973),PD1(1972)},PEL(1971),
SPF1{(1970))

DIMENSION ADJ(6,9)s DADJ(6,9)

EQUIVALENCE(SFRM({2000),NORB(1981) 4HNB(1978) ,NEQB(1977),
ITIMEBL{1976),ADJ(1974),DADJI(1920))
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DIMENSION STVR(12)
EQUIVALENCE(STVR(1),U)

END OF COMMON FOR ALL PROGRAMS

EQUIVALENCE(COML(1),CASENO(L1)),(COM2(1),RADIAN),(COM3(1),HI},
1{COM4&{ 1)+ JTAPE)

REAL JTAPE

DIMENSION COM1(1),COM2(1),COM3(1),COM4(1)
IFl J «GE. 1 .AND. J .LE. 4) GO VO 10
CHECK FOR J WITHIN LIMITS

ITEM=0.0

RETURN

CONTINUE

GO T0{1529394)d

ITEM=COML(I)

RETURN

ITEM=COM2(1)

RETURN

ITEM=COM3(I)

RETURN

ITEM=COM4(1)

RETURN

ENOD
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10

20
30

40

FUNCTION TMAML(A,B,C,L)

OIMENSION A(8),B(8,8),C(8),L(8),D(8)+E(8,8)
TRIPLE MATRIX PRODUCT

ELIMINATING ROWS AND COLUMNS WHERE L(I) =0
DO 10 1I=1,8

D(1)=0.0

DO 30 I=1.8

IF(LGI) JEQ.O0VGO TO 30

DO 20 J=1,8

IF(L L(J) .EQ. O ) GO TO 20
DII)=D{1)+A(J)=B(J,y.])

CONTINUE

CONTINUE

TMAML=0.0

DO 40 I=1,8

TMAML=TMAML+D(I)=C( 1)

CONTINUE

RETURN

END

01
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IBFTC MVL
TO FIND INVERSE OF A MATRIX ELIMINATING SPECIFIED
ROWS AND COLUMNS
SUBROUTINE MINVL(A.AI,ID)
DIMENSION A{(8,8),ID(8),A1(8,8)
DIMENSION B(8,8)
00 99 I=1,6
DO 99 J=1,6

99 AI(1,3)=0.0

IROW=0
D0 100 1=1,8
IFLIDLI1) .EQ. O)GO TO 100
IROW=JROW+1
ICOL=0
D0 102 J=1,8
IF(ID{4d)} .EQ. 0)GO YO 102
1COL=1COL+1
Bl IROWL.ICOL)=A(1yd)

102 CONTINUE

100 CONTINUE
IF( IROW .EQ. O ) GO TO 204
CALL MATINV(B,yIROW,DUMMY,0,DUMMY)
PUT INVERSE BACK WITH ZERO®*S REPLACING ELEMENTS ELIMINATED
IROW=0
D0 200 I=1,8
IF(IO(I} .EQ. O0)GO TO 200
IROW=IROW+]
1COL=0
DO 202 J=1,8
IFLID{J) EQ. OGO TO 202
ICOL=dCOL +1
Al(I:d)=B(IROW,.ICOL)

202 CONTINUE

200 CONTINUE

20% RETURN
END

MVL
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$IBFTC M1V

c
c

(aNaNel

10
15
20
30

OO0

40
45
50
60
70
80
85
90
95
100
105
110

(aNalNgl

130
140
150
160

170
200

-~ W

205
210
220
230
250
260
270
310
320

OO

330
340
350
355
360
370

MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS
SUBROUT INE MATINV(A,N,B:M,DETERM)

DIMENSION IPIVOT(8),A(8,8),8(841),INDEX(8,2},PIVOT(8)
EQUIVALENCE (IROW,JROW), (ICOLUM,JCOLUM), {AMAX, T, SWAP)

INITIALIZATION
DETERM=1.0

D0 20 J=1,N )
IPIVOTE4)=0

‘DO 550 I=1,N

SEARCH FOR PIVOT ELEMENT

AMAX=0.0

D0 105 J=1,N

IF (IPLVOT(J)~1) 60, 105, 60
DO 100 K=1,N

IF (IPIVOT(K)-1) 80, 100, 740

IF (ABSUAMAX)-ABS{A(J4K)})) 85, 1004 100
IROW=4

ICOLUM=K

AMAX=A(JdK)

CONTINUE

CONTINUE

IPIVOT( ICOLUM)=IPIVOT(ICOLUM)+1

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

IF (IROW-ICOLUM) 140, 260, 140
DETERM=—-DETERM

DO 200 L=1.N

SWAP=A{ IROW,L)

A(IROMW,L) = A{ICOLUM,L)

Y CLIRTY
A{ICOLUM,L I=SWAP

IF(M) 260, 260, 210

DO 250 L=1, M

SWAP=B{ IROW,L)

B{ IRDOW,.L)=B(ICOLUM,L)
B(ICOLUM,L )=SHAP
INDEX(1,1)=1ROW
INDEXH{ I, 2Y=1COLUM

PIVOTA 1)=A( ICOLUM, ICOLUM)
DETERM=DETERM#*PIVOT(1)

DIVIDE PIVOT ROW 8Y PIVOT ELEMENT

A(ICOLUMLICOLUM)=1.0

DO 350 L=1,N

A{ICOLUM,L) = A(ICOLUM,L)/PIVOT(L)
IF(M) 380, 380, 360

DO 370 L=1,M
B{ICOLUM,L)=B{ICOLUM,L)/PIVOT(])

8-51
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708 9

380
390
400
420
430
450
455
460
500
550

600
610
620
630
640
650
660
6170
700
705
710
740

23 SEPT 64
REDUCE NON-PIVOT ROWS

DO 550 L1=1,N

IF(L1~I1COLUM) 400, 550, 400
T=A{L1,.ICOLUM)

A(L1,dCOLUM}=0.0

DO 450 L=1,N

A(LL,t) = A(LL.L) ~ ACICOLUM,L)=T
IFGM) 550, 550, 460

DO 500 L=1,M
BIL1,L)=B(L1,L)~-B(ICOLUM,L)aT
CONTINUE

INTERCHANGE COLUMNS

00 710 I=1,N

L=N+1~1]

IF (INDEX(L,1)-~INDEX(L,2)) 630, 710, 630
JROW=INDEX(L,1)
JCOLUM=INDEX(L,.2)

DO 705 K=1,N
SHAP=A{KJROW)

A(Ky JROW)I=A(K,JCOLUM)
A(Kqs JCOLUM)=SHWAP

CONT INUE

CONTINUE

RETURN

END

Mlv
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$IBFTC OUT
SUBRBUTINE OUT(AR,HFMT,DFMT)
OIMENSION AR(85),ARI(85),AH(85),1T(2,40),1TH(2,20),HFMT(40),
1HFMTH(40) . DFMT(:40) ,DFMTH(40),TAB{40),THAB{20)
EQUIVALENCE(ARI(85),1G0(85),IFTYPE(84),INH(83),INL(82),M(81]),
11T(80) ), (AH{85) , INHH(83) , INLH(82),MH(81),
2ITH(80 )+ HFMTH(AQ))
LOGICAL LGC s PRINTG PUNCHGHEADG y DATAG yCOLVEC s ROWVEC
DIMENSION LGC{10)
LOGICAL NEWPG
REAL ITEM
EQUIVALENCE (LGC{10),PRINTG(10),PUNCHG(9) ,HEADG(8),DATAG(T),
1COLVECL 6)ROWVEC(S))
MM=46
D0 10 1=1,85
10 ARI(IU=AR(I)
DO 20 1=1,10
20 LGC(1)=.FALSE.
IF{ 160.EQ.1IPRINTG=.TRUE.
IF(IGD.EQ.2YPUNCHG=.TRUE.
IF({ NEOT (PRINTG.OR.PUNCHG ) JRETURN
GO TO (304,40,50,60),ITYPE
30 IF(PUNCHGIRETURN
HEADG=.TFRUE.
D0 31 I=Ls45
31 AH{II=ARI(I)
DO 310 I=1,40
HFMTHI 1 )=HFMTL T )
310 OFMTHL(I)=DFMT(I)
ASSIGN 70 TO LINK
32 WRITEL 65.1001)
1001 FORMAT( 1H1 )}
LCT=1
IFUINHH.EQ.0)YGO TO 33
LCT=LLT+INHH
WRITE(6,HFMTH)
33 1F(MH.EQ.0)GO TO 35
D0 34 K=1.MH
34 THAB(K)I=ITEM{ITHUL K}, ITHE2,K))
WRITEL 6,DFMTH) (iTHAB (K} X=1,MH)
LCT=LLT4+INLH
35 NEWPG=.TRUE.
60 YO LINK, (70,71,72)
70 RETURN
40 DATAG=.TRUE.
IF(PUNCHGIGO TO 41
IF(LCT+INL.LE.MMNIGD TO 71
ASSIGN 71 TO LINK
GO T8 32
Tl IFL.NOT.NEWPGIGO TO 41
NEWPG=.FALSE.
IFLINH.EQ.O0)GE TO 41
LCT=LET+INH
WRITELG6,HFMT)
41 IF(M.EQ.OIRETURN
DO 42 I=1,M
42 TABCL)SITEBMUITGL,I),IT(2,1))

8-53
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50

60
61

72

62

93

94

95
73

52
64

63

IE(PRINTGIWRITE(6,DFMTI(TAB(I) ;I=1,M)
IF(PUNCHGIWRITE( 7,DFMT) (TAB(I),1=1,M)
IF(PRINTGILCT=LCT+INL

RETURN

COLVEC=.TRUE.

G0 TO 61

ROWVEC= . TRUE.

IF(PUNCHGIGO TO 62
IF(LCT+INH+INL*IT(1,2)LE.MM)GD TO 72
ASSIGN 72 TO LINK

GO TO 32

IF{ INH.EQ.0)GD TO 62

LCT=LCT+INH

WRITEL 64HFMT)

LOOP=IT(1,.2)
IF((LODP.EQ.0).OR.(M.EQ.O) JRE TURN

D0 63 J=1,L00P

IF{ PUNCHG)GO TO 73
IF(LCT+INL.LE.MMIGD YO 73
WRITE(651001)

LCT=1

IF{ INHH.EQ.0)GD TO 93

LCT=LCT+INHH

WRITEL 65 HFMTH)

IF(MH.EQ.0)GO TO 95

DO 94 K=1,MH

THAB(K )=ITEM{ ITH{ 1,K ), ITH(2,K))
WRITEL 6,.DFMTH) (ITHAB (K ) ,K=1,MH)
LCT=LCT+INLH

NEWPG=.TRUE.

DO 64& I=1,M

[F(COKVECIGO TO 52
TAB(I)=ITEM(IT(1s1)+J=1+I1T(2,2)%(1-1),1T(2,1))
GO TO 64
TAB(I)=ITEM(IT(1,1)+I-141T(2,2)%(J=1),IF(2,1))
CONT INUE

TF(PRINTGILCT=LCT+INL
IF{PRINTGIWRITE(6,DFMTL{TAB(I}s1I=1,M)
1F(PUNCHGIWRITE( 7o.DFMT){TAB(L) 4 I=1,M)
CONTINUE

NEWPG=.TRUE.

RETURN

END
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#SYMBLS

ARSYM1
NSC
NSO

SYMBLS

NOPR

CRDTAP

(13}

(6)

{(5)

CONTRL

SUPRS

VFI

FAP

E240%sns

23 SEPT 64

LISToREFsDECKsM94, ()OK MFTC

Jos

ENTRY SYMBLS
ENTRY BCDCON
ENTRY HDTAPE

REM SYMBOLIC MULTIDIMENSION FN II INPUT SUBROUTINE.
REM CALL SYMBL S
WHERE

REM

IN

800t 76100
BOOL 76100

REM

SXD JRTN1,1
SXD JRTN2,2
SXO JRTN4, 4

SOVA
SYMBLS MOD FOR SEXIT (NO SYMB..IN TBL)+TAPE OQUTP

30

AVCO (AR)

( .IN")

= LOCATIGN TO STORE COL.1 EXIT CODE.

LFTH

CLA TRAFND

STO FND

CLA 3,4 MOVE =IN= TO SET EXIT CODE
STi» 34

STA L{IN)

CLA NSIX

TLE NOPR

CALL «FHRD{ .UNOG6. s RSTORE))

TSX «FFIL.y 4

STZ JK

STZ SSCPTC

STZ L0C

TSX TAPE,.l

LXA {5),1 CHECK COLUMN 1 FOR NUMERIC FOR EXIT.
LXA {13),2

LDQ 8CD

PXD 13-

STP OCTESW1 RESET =0CTAL= SWITCHES
STP DCTSW2

LGL 6

PAX 54.4

XL #4254,43 TEST FOR ASTERISK, NO
XL CONTRL 444 THIS IS ASTERISK, PROCESS CONTROL
TRA NOCNTL

XCA

CAS NOPRNT NO DATA PRINT

TXL E42yg—=

TXL SUPRS 0,0 SUPRESS TSH

CAS PRINT DATA PRINT

TXL #+2,0,0

TXL NSPRS,0,40 TRIGGER TSIT

CALL «FPRMN (L INFRM) PRINT ON LINE
AXT 14,2

CLA BCD+14,2

T9X «FCNV., 4

TIX %-242¢1

TSX «FFIL.y 4

TRA CRDTAP

Sre NSIX

TRA »-2
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NSPRS

NOCNTL

TX1

LOIN)

RESET

RSET1A
~ BLANK
| RESET1

OPEN{

OPEN(2
OPENI(1

CLA
$TO
TRA
TXL
TXH
TXL
CAL
XL
CAL
TXH
TXH
TXH
TXL
STP
TXH
TXH
TXH
XL
STP
STP
SXA
sTe
PX0
STP
sTP
STZ
STP
STZ
STZ
STP
stTp
sTP
STZ
SYN
TSX
TXL
PAX
TXL
TXL
TXL
XL
TXL
TXL
TXL
TXL
TXL
TXL
TXL
CLA
STo
LXA
ST
STZ
SXD
TSX
TXL
PAX

23 SEPY 64

N6

NSIX

CRDTAP
LUIN)y4s 9
TX1:4,23
TX1:4,22
XL
LEIN)ys—
TXL
#4+254,21
ENDCRDy 4,20
#+3,4,17
#+2,4,15
ASHWTCH
#42,4,24
HEADCD, 4,23
#+4H. 4,38
*#+3,4,36
DCTISH1
DCTISW2
"o b
XIKSHT
-y -

EBKSW
GSTRTS
COUNT
FESW
SIGN
COUNTR
ACUMSW
FLPIN1
FLPINZ
SUM
®
NXTCHR, 4
XKIKSHTyynn
-4
01GIT,4,9
MINUS,4,12
PLUSGN, 4,16
ALPHA; 4, 25
POINT, 4,27
MINUS, 4,32
ALPHA, 4,41
STAR,4;43
BLANK, 4,48

21)8
1718

4618
44)8

5318

SLASH.44.49

ALPHA, 4,57
FYNC
TRAPT

{0),4

J

K

SSCPTC, 4

NXTCHR, 4

SUBDEL-149—

-4

YES, BYP
27)8 TES
26)8

BY-PASS

ASS SELECT,
T FOR =6=

=RCD/NOP=

ETC.

OBTAIN SWITCH RETURN.
2518 TEST FOR =E=
» OFF MACHINE

24)8 YES
TEST FOR

YES OP
30)8 TES

27)8 YES,

=A=

EN SWITCH
T FOR =H=

VFI

SAVE LINE FOR LATER USE

TEST FOR =0=, OCTAL NUMBERS

SET OCTA

STORE EX
SET EXIT

L SWITCH

IT CODE.
SWITCH

RESET ALL CELLS AND SWITCHES

GET NEXT CHARACTER FROM LINE

COL. 73
OCTAL.

00~1118
14)8 - R

= GET NEXT RECORD
CHARACTER(S).ACTION

0 - 9 DIGIT
EDUNDANT

MINUS
20)8 + BY-PASS PLUS SIGN

21-31)8 A - 1 START OF SYMBOL

33)8 . DECIMAL POINT

40)8 - M

INUS SIGN

41-5118 J - R START OF SYMBOL

$
60)8 BYP
61)8 TES

DOLLAR SIGN,

ASS BLANK
T FOR SLASH

GET NEXT CARD

62-71)8 S - Z START OF SYMBOL

ASSUME STARY OF SUBSCRIPT

ASSUME END OF SUBSCRIPT

8-56

D

®

3

D

D2 0 O O

D 0

2



~

=

M

I

N

T0S 9

SUBDEL

ADDK

E)E

SuBl

TXL
XL
TXL
LXD
TXH
TRA
CLA
STO
CLA
suB
STO
STZ
TX1I
LXD
CLA
STO
CLA
TZE
CLA
STC
CLA
susg
TNZ
STD
ALS
STO
CLA
TNZ
STA
ADD
TLZE
STO
STQ
LDQ
MPY
STQ
ARS
LDQ
ADD
ADD
ADD
STA
CLA
TXL
ST10
CLA
STO
CAL
sSTp
sSTP
CAL
sTp
ADD
S12
STA
TXH
TXL

23 SEPT 64

SUBDGT44,9

SUBDEL » 4,32

OPEN(1, 4,48

SSCPTL,. 4

SUBERR4,3

nt+3, 4

J

K

SUM

41}

J

SUM

OPEN( 24,2

ElE)4

SUM

1

BSCPTC

susDl

JKi

TRANS+3

SUM

{1)

=42

TRANS+3

18

TRANS+4

J

#*42

TRANS+3

TRANS+4

ADDK-=1

TRANS

FTRANS+1

TRANS

TRANS+3

TRANS

1

TRANS+1

ARANS

{1)

K

SUM

DLFPRM

§BSCT),4,28

DIFF

q

DELTA

XL

ARGNSW

GNSH2

LocC

RETNSH
SUM

SUM

STOWRD

OPEN(, 4,28

RESET, s~

(0-9)

40)8 ASSUME =-= OR =)=.SUBSCRIPT END OR
60)8 WALK OFF BLANK
ASSUME =,=. MOVE UP SUBSCRIPY
ERROR, MORE THAN 3 SUBSCRIPTS

MOVE SUBSCRIPTS UP ONE.

COL 73 ASSUME =)=
FOUND EITHER =-= OR =)=,

TEST FOR MULTISUBSCRIPT

CONVERT SUBSCRIPTS.

[y

SET =DIFF= FOR MULTI-SUBSCRIPT.
34)8 OUT IF E)E ENTRY.

SET UP AREA SET GENERATOR.

8-57
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SUBDGT
sSusDdl

GNSHW2
SBSCT)

SUBSCT

MINUS

POINT

NXTCHR
(2)

TRA24

RESETA

RESETB

DIGIT

PLUSGN

(12)

EBKSW

TSX
TXL
CLA
TXH
SYN
PLE
ST0
CLA
XL
CLA
SusB
ADD
STO
TXL
REM
STP
SSM
STO
TXL
REM
CLA
STO
CAL
TRA
REM
SYN
PXD
TXL
LGL
TIX
LDQ
TIX
LXA
TRA
PXD
STP
STP
STZ
ST
ST
STP
STP
XL
REM
TSX
SYN
TSX
TXL
PAX
TXL
TXL
TXL
TXL
TXL
XL
TXH
PLE

23 SEPT 64

ACUM, &
OPEN{lss—
i1)

:E,E"’l! 41 28
»
SUBSCT,0,NSC
DIFF

LOC
SUBlge—

I

DELTA

{1)

DELCNT
RSET lA' [

EBKSW

SIGN
DIGIT+1,,~

{1)

COUNTR
TXL
TXL=-1

»

29—
TRAl4: 251
6
TRA24,1:1
BCD+14,2
®4+1,251
(6),1

2¢4

-
ACUMSW
FESW

SIGN
COUNTR
SUM
FLPINI
FLPINZ
PLUSGN,y ¢~

ACUM,.4
»
NXTCHR, 4
TGENSH,; ¢~
12¢4
DIGIT,4,9
PLUSGN, 4,16
EXPONT 4,21
POINT 4427
CLOSE), 4,28
MINUS; 4y 32
{OPEN, 4,59
EEKo OoNSC

VFI

SET =DIFF= TO (1}

COMPUTE STORING LOCATION

COMPUTE COUNT FOR AREA SET GENERATOR

FOUND EITHER MINUS (-) (11) OR (8-4)

START NUMBER
CONVERT NUMBER AS FLOATING POINT

GET-NEXT CHARACTER

COL.73 ATTEMPY HAS BEEN MADE.

TEST FOR EMPTY MQ.

LOAD WP MQ

DECREASE RECORD-WORD COUNT
RESET CHARACTER COUNT

EXIT

SET F/E SWITCH
ZERD OUT CELLS

SET F/I SWITCHES

FOUND DIGIT 0-9, START CONVERTING

ACCUMULATE DIGIT

GET NEXT CHARACTER
ASSUME BLANK

0-11)8 ACCUMULATE THIS DIGIT
20)8 BYPASS + SIGN.

25)8 ASSUME =E= FOUND,
33)8 ASSUME =.= FOUND,

04

NUMBER HAS EXPONT.
NUMBER IS FLTG-PT.

34)8 CONVERT DELTA,THEN BACK FOR TOP VALUE

40)8 SET SIGN MINUS AND CONTINUE PROCESSING.

73/74)8 SET UP FOR DELTA ENTRY
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TGENSHW

STOYX
TRAPT

ASWYCH

STOWRD

RETNSHW
ARGNSH
FLPIN1

GENFLO

DELTSH

DELSW

GENEND
GXITSW

GXIT2

{ OPEN
2ND(SHW

STOTST

cLose)

REM
REM
PZE
TS$X
ST0
SYN
TSX
X1

CALE

LDQ
PZE
NZT
S10
CAL
ADD
S5TA
SVN
PLE
PLE
CLA
ADD
STO
XL
STQ
CLA
FAD
ST0
LDQ
FMP
FAD
LDQ
ST0
sus
CHS
TZE
™I
CLA
PLE
PXD
sTp
STP
CAL
STP
TXL
CAL
PLE
sSTP
sTP
PXD
sSTP
TSX
sSTO
TXL
TSX
sST0
sTZ
LXD

23 SEPT 64

ASSUME BLANK FOUND.

GENTOP, 04NSC
CONVRT, 4
TX
[
L2 P2
#42,0,0
EXIT
TRANMQ
ACARD, O,NSC
NOFND
- 2
STOWRD
DIFF
STOWRD
RESET,04NSO
ARGEN1,04NSC
GENFLO,GyNSC
TSTART
DELTA
TSTART
DELTST{:‘
TRANMQ
DELCNT
1P0O
DELCNT
DELTA
DELCNT
TSTART
TRANMQ
FRANS
TEND
NOP
CLATX
CLATX
X
STATSTs0,NSC
9.
2ND(SW
TGENSH
TXL
RETNSH
RESET;:‘
TXL
GENTOP404NSC
TGENSW
2ND(SW
e
RETENSH
CONVRT, 4
TSTART
RESETA-2,4 o~
CONVRT, 4
DELTA
DELCNT
NOP, 4

=A-CARD=

{ .SET UP DURING ACCUMULATION.

NORMAL OR GENERATOR MODE SWITCH.

INCREMENTY STORING ADDRESS
ROW-WISE INCREMENT = 1, J,

DR J=K

VFI 05

PROCESS NUMBER PER SIGNALS

SWITCH AFTER PROCESSING 1ST INTEGER

GET NEXT NUMBER / CONTINUE IN GENERATIONG.

#% INTEGER GENERATION

DUT TO TESTY
#% FLOATING POINT GENERATION
UP COUNT

CREATE NEW ENTRY

TEST 4F ENTRY IS OK

OK, ENTER NUMBER

RESET SWITCHES

OPEN SWITCHES

CLOSE SWIFCH
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GENTOP

GSTRTS

CLATX

EXPONT
CHS

TXL

EEK

CONVRT
FLPIN2
OCTSW1

OCTCNV

0gTCV 1
FLP

FESHW

FLP1

TPL
LXO
SXD
XL
STP
TSX
STO
Plt
CAL
STP
CLA
TXL
CLA
TXL
REM
CLA
CLM
ORA
STO
CAL
STP
STP
TXL
TXL
STP
TRA
REM
SYN
PZE
PLE
CLA
CLM
ORA
STP
TRA
CLA
T™MI
CLA
CLM
ORA
TRA
STQ
SXD
PZE
CLA
STO
CLA
CLM
ORA
ORA
FAD
LXA
ST2
XL
TXL
FDP
LLS

23 SEPT 64

*+2

CHS 4
DELSWy 4
RESETA~24 4~
GX1ITSHW
CONVRT, 4
TEND
FLPIN1,0,NSC
XL

GSTRTS
TSTART
STOTX 997
TRANS
STOTX 5—

FOUND

SIGN

SUM

TRANS

XL
EBKSW
ACUMSW

RESETA, 4,21

RESETByy~
EBKSW
PLUSGN

*

FLP;04NSC
OCTCNV;04NSC
SIGN

SUM
ACUMSHW
194
SUM
0CTCvl
SIGN

SUM

1,4

TRANMQ
CNVX4, 4
FPXPNT,04NSC
1P0O

MQ

SIGN

SUM
MGNUM
MGNUM
COUNT, &
COUNT
LRS35,440
#+444,4,9
10X10

35

VFI

ACCUMULATED FINAL VALUE,STORE
AND START GENERATING TABLE

OPEN SWITCH FOR GENERATOR

=f=, SET UP FOR EXPONENT + FLTG-PT NUMBER

25)8 IF =E= GO ZERO OUT CELLS
IF =.= ONLY SET FLP/INT SIGNAL.

NUMBER TO BE CONVERTED TO FLOATING POINT

SWITCH TO SET CONVERSION
OCTAL CONVERSION
INTEGER CONVERSION

OPEN =ACUMSW= TO COUNT FRAC. DIGITS

FLOATING POINT CONVERSION

OUT TO EXPONENT CONVERSION
FLOATING POINT (NO EXPOENTN) CONVERSION
SET M/Q VALUE = 1.0
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CNVX4
LRS35

FPXPNT

FPXP1

FpXP2

ARGEN1

GENXIT

STAR
XITSHT

GOBCK

SKFRM

CASE
(1

ALPHA

ALPHP

X1
FDP
TXL
LRS
FMp
LOQ
LXD
TRA
REM
LXA
CLA
TXL
LRS
TXL
FMP
TX1
FMP
ST0
CLA
TPL
CLA
FDP
STQ
CLA
XL
CLA
sus
TZE
STO
CLA
XL
PXD
STP
sTe
TXL
SYN
PLE

[RVE .Y

LAU

LXD
EFTM
CLA
ADD
ST10
2ET
CALE
TRA
LXD
TRA
BCI
BSS
HTR
REM
CLA
STO
PXA
LXA
ALS

23 SEPT 64

2=G ke —~10
10X10+10,4
B42y 88

35

MQ

TRARMQ
CNVX 4y 4
1¢4

SUM,.4

1P0
FPXPl,4,0
35

*+43,4,9
10X10
w=dypafae—10
10X10+10,4
MQ

SIGN

FPXP2

1P0O

MQ

MQ

TRANS
FLPlﬁ"
DELCNT

(1}

GENXIT
DELCNT

TX
STOWRD, ,—
T o
ARGNSH

GNSW2
GX!T21"

*
CROTAP,0,4NSC
JRINIs1

JRTIN2, 2

i

CASE
(1)
CASE
NOFND
EXIT
GO0BCK
JRIN4A, 4

1e4

SWITCH OFF

VFI

RESET MQ + XR-4, EXIT

EXPONENT :CONVERSION
OBTAIN VALUE OF EXPONENT

BY-PASS IF EXPONENT = O
COMPUTE M/Q

TEST IF M/Q SHOULD BE RECIPROCATED
NO
YES

OBTAIN SIGNED INTEGER
&% AREA SEY GENERATOR
TEST {F DONE

YES
NO

DONE ENTERING
RETURN SWITCHES.

YES

DO THIS CASE

DON'T STOP

3,(6H CASE 15/77/7)

1
0,001

FYNC
TRAPT
-4
{5)24
6

FOUND SYMBOL

o7



T0S 9

ALFAX4

ALFAb

ALFAS
ALFAl

B)TBL

B)TBL1

B)TBLZ2

ERRLN

FND

ALFA3

ALFA2

SLW
SXD
TSX
TXL
PAX
SXD
TXH
TXH
ORA
TXH
TXH
LXD
TIX
SLW
TSX
TXL
PAX
TXH
TXH
TXL
SXD
TXL
SLW
LXA
CAL
ANA
TZE
cLA
CAS
TXL
TXL
TIX
TIX
CLA
CAS
TRA
TRA
STO
SXD
STQ
CALL
TSX
CALL
TSX
LXD
LDQ
NOP
CALL
TSX
CALL
SXD
CAL
ORA
LXD
TNX
ALS
ORA

23 SEPT 64

SUM
ALFAX45 4
NXTCHR ; 4
ALFA3, -
s 4
SYM; 4
#+2544560
ALFA3+1,4,59
SUM
=#+2,%44948
ALFA2; 4, 47
ALFAX4, 4
ALPHP ;4,1
SYMBOL
NXTCHR; 4
ALFAS' T
04
ALFAS5; 4,59
ALFAbH, 4,48
ALFAG, 4y 47
SYMy 4
42499~
SYMBOL
M, 4
"8, 4
MASK1
B}TBL2
we, 4
SYMBOL
#4245~
FOUNDp [ B
BYTBLy4%4,2
B)TBL,451
CMMON
SYMBOL
ERRLN
COMN
NOFND
JUNIR4s 4
TRANMQ

«FPRN. (FORMAT)

FFILos4

VFI 08

74)8 TEST FOR =(-

73)8 YES, OBTAIN SYMBOL AS IS.
CREATE SYMBOL TO DATE.

6018

57)8

STORE SYMBOL, 6 CHARACTERS
WALK OFF EXTRA LETTERS TO =(= OR BLANK
END OF CARD ALSO ENDS CHARACTER NAME

NON-BLANK AND NON-=(= BY-PASS.

SET =SYM= TO LAST CHARACTER GOTTEN

SET-UP FOR TABLE-LOOK-UP ON SYMBOL.
B)+M OBTAIN ENTRY

TEST FOR BCD NAME

NO BCD WORD

B)+M

CHECK FOR COMMON LOAD

START OF ERROR CARD

.FHRD. ( oUNOb. QFDRMAT’

oFFIlos4
JUNIR4,4
TRANMQ
FOUND

«FFILes 4
EXIT
SYMo4
SUM
1BL ANK
ALFAX4y 4
ALFAl,4,1
6
1BLANK

NOP FOR BCOCON,
«FPRN. (PRODDER)

TRA FOR SYMBLS

5

5 0 D D D D
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SYM
FOUND

FND1

FND2

SINGLE

TAPE

NOUTZ2
ACUMSW
ACUM

ACUML
OCTSW2

DIGNTR

FRCNT

TRAl4
OCTSUM

TXL
caL
STA
sus
STA
CAL
TZE
ANA
TNZ
CAL
STO
ARS
XL
CLA
STZ
STO
STO
LXD
TXL
STZ
TXL
CALL
CALL
TSX
CLA
TNZ
CAL
TZE
CALL
CALL
TSX
TRA
SYN
PLE
TLE
STO0
CAL
Sip
XL
ST0
PZE
CLA
sus
THI
cLA
ALS
STO
ALS
ADD
ADD
STQ
CLA
ADD
STO
TRA
CAL
ALS

23 SEPT 64

ALFA241, %
iﬁ*#
STOWRD

(1}
toc
"R 4
SINGLE
MASK1
SINGLE
E 2 W
JK
18
SINGLE+2, 4~
{1}k
JK
DIFPRM
DLFF
SYM.4
RESET 4459
SUM
OPENGy »—

VF1 09

B8)+M+l

B)+M+2 OBTAIN THIRD WORD IN CASE OF MULTISUBSCT.

END OF TABLE, SPECIAL CASE
TEST FOR MULTI-SUBSCRIPT
NO

B)+M+2

TEST IF LAST CHARACLTER WAS =(=
73)8 NO.
YES, GO PROCESS SUBSCRIPT.

«FRDD{ cUNO5., INFRM)

.FSLI.( BCD'M. )

.FRTN."I‘

NOFND

NOUT2
NSIX

NOUTZ2

«FSLO.(BCD,M. )

«FFIL.s 4

141
®
ACUM1,0,NSC
1le4
TRANS+3
XL
ACUMSHW
D!GNPR' [ B
TRANS+3
O0CTSUM, 0,NSC
HIGHTS
SUM
14
SUM
1
SUM
2
SUM
TRANS+3
SUM
COUNT
COUNTR
COUNT
1,4
SUM
3

s»s ACCUMULATE DIGITY
BY-PASS ALL LEADING ZEROS.

PRESERVE DIGIT.
OPEN SWITCH FOR RES OF DIGITS

TEST IF OK TO ENTER NEXT DIGIT



T0S 9

HEADCD
HEADCO

ACARD

ACRD1

ACRD2

ACNTR
ENDCRD

BCDCON

TRIG

BCD1

8CD2

ORA
SLW
TRA
REM
AXT
CLA
LGL
SLW
CLA
ST0
TIX
TXL
STP
ALS
STD
ARS
ACL
STA
STA
NOP
TSX
AXT
LXD
CAL
SLW
TNX
TIX
SXD
TXL

CALL

REM
REM
REM
CLA
STO
SXD
SX0
SXD
cLA
PLE
STA
STA
ADD
STP
STA
ADD
STA
sus
ADD
STA
STz
LXA
LXA
CLA
STO
TIiX
TIX

23 SEPT

TRANS+3
SUM
1.4

1404
{1)
30
BCOD
BCD+14,4
LINE+14, 4
#=294,1
CRDTAP gy »u
ASWTCH

18
ACNTR
18
STOWRD
STOWRD
ACRD2

TAPE, 1

14,1
ACNTR, 2
BCD+14,1
L 1 P

CROTAP, 2,1

ACRD2-1,1,1

ACNTR, 2

ACRD1-1, 4=

EXIT

64 VF1 10

FOUND =H=. MOVE LINE INTO BUFFER

MOVE LINE OF TEXT

ACCUM.CONTAINS WORD COUNT IN DECREMENT.
RESET =ASWTCH=

OBTAIN STORING LOCATION AND SET FOR
NEXT AVAILABLE WORD AFTER ALPHA INFO.

GET NEXT INPUT RECORD

EXIT FOR NEXT RECORD UNDER NORMAL CONTROL
ASSUME REST OF CARD SKIPPED.

TO CONVERT BCD LIST TO TABLE USABLE FOR INPUT PROGRAM

1,4

0:4
JRTN1,1
JRTNZ,2
uyRTN4; 4
34
BCO1,0,NSC
B)

NTRNAM

TEST IF ENTRY HAS BEEN MADE FROM THERE
UP RETURN IMMEDIATELY

BYPASS EXCEPT FIRST TIME. SET UP ENTRY
STORE FOR =M= COMPUTATION.
STORE FOR TABLE ENTRY.

=0100000000001

TRIG
NTRLOC
{1)
NTRJK
{2A)
{95)
BCD2
Ltoc
{(95),1
{951,2
e,2
BCD+95,2
BCD2:,241
*4+1,1,1

CHANGE SWITCH

MOVE TEXT TO TRANSIENT AREA (SET XR1=95)
MOVE TEXT TO TRANSIENT AREA (SET XR2=95)
B)+95

DROP XR 1 FOR 2ND WORD OF =BCD=

8-64
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RETURN

(951}

NAME1

NM1

CHAR

CHACNT
NM2

NM4

NM3

M

SETNAM

LDQ
LXA
CLA
STA
TIX
SX0
ST2
STZ
Stz
STZ
TSX
PAX
TXH
TXH
TXH
TXH
LXA
ORA
TNX
ALS
SLW
SXD
TSX
STA
PAX
TXH
TXH
TXH
LXD
XL
LXD
CAL
TXL
ALS
ORA
TIX
SLW
LXA
TXH
TXH
TXH
TSX
PAX
XL
LXD
CAL
STA
ARS
TNZ
LXA
SXD
LXA
TXL
CLA
TZE
STQ
LDQ

23 SEPT 64

8CO

{6)s2

12}

NAMCNT
#4194,
BCOXR4, 4

J

K

SUM

NAME
BCDCHR, 4
9544
ALLDON, 4,62
{95)-1,4,58
#4295, 48
{95)—1,54:47
{6)+4

NAME

NN‘I:@&' 1

b

NAME
LCHACNT ; 4
BCDCHR, 4
CHAR

L 1 PN
NM2,4,58
242,44 48
NM1ly4,47
CHACNTY, 4
NAMEl,y o #%
CHACNT, 4
NAME

%4249~

b

1BLANK
$—294,1
NAME

CHAR, 4
SETNAM, 4,62
S5SCPTe44+59
SETNAM, 4458
BCDCHR, 4

* % '5.4

NM3, ,—
BCDXR%4, 4
394

Loc

15

NAMERR
SUM, 4
LoC. 4

Js b
NTRNAM-1,4,0
K

SET2

TRANS

K

VF1
SET-UP FOR CHARACTER PICK-UP

SET NAME COUNT = 2 FOR STARTING VALUE

SET XR4 FOR NEXT NAME

T6)8 DONE WITH LIST. EXIT

T2)8 WALK OFF =,= + ={(=

6018

57)8 BY-PASS BLANKS

ASSUME CHARACTER SO START ACCUMULATING
{ NAME

TEST FOR 6-CHARACTER ENTRY.

GET NEXT CHARACTER

PRESERVE CHARACTER FOR LATER TESTING
T72)8 EITHER =4= OR =(= OR =77)8=
60)8 CHARACTER = § - I =

5718 WALK OF BLANKS.
ALL OTHER CHARACTERS

OR IN BLANKS TO FILL UP =NAME=

RE-LOAD XR WITH ENTRY CHARACTER.
76)8 END OF RUN= CHARACTER =771)8=
73)8 CHARACTER ={(=, START SUBSCRIPT
72)8 CHARACTER =,=4 STORE ENTRY.
GET NEXT CHARACTER

STORE =NA“E=' =L0c. 'I:' =Kg e Jd= BACK IN

OBTAIN =LOC.NAME= ( TABLE.

TEST FOR O PREFIX AND DECREMENT
ERRORy RUN OUT OF NAMES

CREATE =L0OC,s,I= (FOR NO SUBSCRIPT, I=0
BY-PASS FOR SINGLE DIMENSION

1 DIMENSIONAL

2 DIMENSIONAL
3 DIMENSIONAL

8-65
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SET2

NTRNAM

NTRLOC

NTRJK

NTR1

BCDXR4
SSCPT

S$S1
S$S2
(0)

SUBERR

LSSCER
NAMERR
NMERRL
SSDIG

ALLDON

MPY
LLS
LOQ
ADD
TXL
PXD
ADD
SLwW
CAL
SLW
CAL
SLW
CAL
TXL
CAL
SLW
CAL
ADD
STA
ADD
STA
ADD
STA
CAL
ADD
LXD
XL
LXA
Stz
STz
SXD
TSX
PAX
TXL
TXL
TXL
LXD
TXH
TRA
CLA
STO
CLA
STO
STZ
™I
CLA
ARS
STA
STA
TXL
CLA
TXL
TSX
TXL
LXD
CLA
ARS

23 SEPT 64

J

53

TRANS

K

#+3g 9=

o 4

{1

K

NAME

R 2]

L0C

L X}

-1

NTR1:4,0

K

'Y

L o |

(11}

NTRNAM

{1)

NTRLOC

{1)

NTRJK

NAMCNT

{1)

BCDXR4%4, 4

RETURNy g #»

(0)s4

J

K

SSCPTC.4

BCOCHR &

04

SSD1Gy 4.9

SETNAM; 4, 28

§52:,4,48

SSCPTC. 4

SUBERR ;4,53

#+3,4

3

K

SUM

J

SUM

8SLo4,2

LSSCER

18

FORM
FORM+6

ERRLN,y y SSCERR

NNERRL

SUBERR+1, ;.FNMERR

ACUM,.4
§S24 -
BCOXR4y 4
3,4

15

VFI
MOVE =NAM= BACK INTO NEW TABLE
8)
MOVE =L0OC,,I= BACK INTO TABLE
B)+1
TEST FOR THIRD ENTRY ( XR4 = J STILL)

ENTER THIRD WORD
Bi+2

UP =NAME COUNT= RE-ENTRY EXIT.

OBTAIN XR4 FOR MODIFICATION.

FOUND A SUBSCRIPT,

ZERO OUT CELLS

GET CHARACTER

(0~9) TESY FOR DIGIT

34)8 ASSUME =)= WHICH ENDS SUBSCRIPT.
60)8 ASSUME BLANK, WALK OFF.

ASSUME =,= MOVE AS SUBSCRIPT + STORE

UP SUBSCRIPTS

ERROR, MORE THAN 3 SUBSCRIPTS GIVEN

ALL DONE PROCESSING. CHECK IF NEXT WORD
IN SET-UP IS IN =NTR=

TEST FOR O PREFIX AND DECREMENT

8-66
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MERRL
DN1

NAMCNT
BCDCHR

NOP
FORMAT
SYMBBL

LISTER
FNMERR
SSCERR
LINFRM
RSTORE
INFRM
HDFORM
NS IX
NS
N6
M.
1BLANK
MGNUM
(1)
(2A)
HIGHTS
MASK1
MASK
B)
10X10
1PO
DONE
COUNT
LoC

TNZ
CLA
XL
CAL
STA
STA
STA
STZ
ADD
STA
ADD
STA
STA
sus
sus
STA
LXD
LXD
LXD
CAL
STO
TRA
PLE
PXD
LGL
TIX
LXA
LDQ
TX1
NOP
8CI
BCI
BCI
BCI
BCI
BC1
BCI
BCI
BCI
BCI
HTR
HTR
HTR
HTR
oCcT
OCT
DEC
DEC
DEC
oCcT
OCT
SLw
DEC
DEC
SYN
8SS
B8SS

23 SEPT 64

DN1
MERRL

SUBERR+1, L ISTER

NTRNAM
B)TBL
B)TBL]
=+1

* %

{1)
FOUND
{1}
FND1
FND2
{2A)

B)

M
JRTN1,1
JRTNZ, 2
JRING, 4
NAMCNTYT
3+ 4

1,4

- -
6
TRAl4,2,1
(6),2
BCD+95,1

TRAl4,1,-1

3, (28H NO SYMBOL

1,
2:=LISTED

0K

MOVE =B)+M= INTO TABLE LOOK-1+

SET END OPERATYION

COMPUTE =M= FOR TABLE LOOK-UP TEST

7+ {34H1IMORE ENTRIES IN LIST THAN IN TEXT )
6y (2TH1ILIST OF ENTRIES TOO SHORT )
75 (33HIMORE THAN 3 SUBSCRIPTS ARE GIVEN )

2y {1H 14A6)

4, { 1THLINPUT CARDS READ}

ENTRY TEST ONE MORE DIGIT CAN STILL GO

1.E1071.E9y14E8y1eET31.E641.E5,1aE&4y1.E3,41.E291.E1

1, {14A6)

1, (14A56)
6
5
6
14
560
233000000000
1
2
13421771
-300000000000
=375777000000
=% B)
1.0
e
1
1



TGS 9

SUM
SIGN
COUNTR
TRANMQ
MQ
TSTART
TX
TEND
DELTA
DELCNT
DIFPRM
SSCPYC
DIFF
I
NAME
J
K
JK
TRANS
8CD
JRTNL
JRTN2
JRTN4
JUNIR4

HDTAPE

HRTRN

LINE
SLASH

St

SL2

SL3

SLX

23 SEPT 64 VF1
BSS 1
BSS 1
BSS 1
BSS 1
BsSsS 1
BSS 1
BSS 1
BSS 1
BSS 1
B8SS 1
BSS 1
8SS 1
8SS 1
BSS 1
BSS 1
BSS 1
BSS 1
BSS 1
BSS 7
B8SS 100
BSS 1
BSS 1
BSS 1
BSS 1
REM HEAD TYAPE (1),ALWAYS TO TAPE, IF SENSE
SXD JRTN1;1
SXD JRTN4, 4
NZT NSIX
TRA HRTRN
CALL oFHRD.({ sUNOG6. o HDFORM)
AXT 14,1
CLA LINE+14,1
TSX «FCNV v 4
TIX #-2;1:1
TSX «FFILos4
LXD JRTN1,.1
LXD JRTN4 .4
TRA 1:4
BSS 14
STz BASE
AXT 3644
TRA SL2
CAL SLCH
CAS SLBL
TRA *42
TRA SL3
SXA. *+3, 4
TSX NXTCHR; &4
TSX $EXIT,4
AXT L LY
SLW SLCH
ALS 30
ARS 36e4
ORS BASE
TIX SL1s 4.6
CLA FYNC
STO TRAPT

14

O

™




™

10s 9

HOLCOD
oCTCcoo
BASE

SLBL
SLCH
COMN

CMMBN

NOFND

PRINT

NOPRNT
FYNC

PRODER

TRAFND

XMASK1
FORM
E.

CLA
ST0
TRA
PZE
PLE
BSS
8Cl1
BSS
CAL
STA
SuB
STA
TRA
8G1
oCcT
DEC
8CI
BC1
TRA
BCI
TRA
ocT
SYN
BSS
END

9,(49H IF PRODUCTION,

23 SEPT 64
BASE
iR
ASHTCH
30,0Q,6
33,043
1
1, 00000
1
CMMON+1
STOWRD
(1)
Loc
SINGLE
1,.COMMON
000000077461
0
1, PRINTO
1+NOPRIO
ASWTCH
FOUND
7171117700000
ERRLN+6
1

i,

SET UP STORE FOR COMMON

VF1

RELOAD JOB OFF LINE AND TRY AGAIN)

15



T0S 9 23 SEPT 64 MARK 01

$IBMAP MARK 1700, L IST,REF+DECK ;M990

» MARK RUNGE-KUTTA,ADAMS-MOULTON INTEGRATOR PACKAGE
» CALE ING SEQUENCE
» CALE MARK
e PLE HBANK ;P ,EOS
L) PLE DER1,PHI DER2
* ERROR RETURN
o PZEYMZE BJsoYJ
° PLE ZJ
L PLE 0
. MARK o HCoNI
ENTRY MARK
ENTRY HC
ENTRY NI
ENTRY TGLO
ENTRY Y
ENTRY YDOT
ENTRY Y(2)
ENTRY YO
ENTRY Yo(2)
ENTRY EUBAR
ENTRY ELBAR
ENTRY HMAXT
ENTRY HMINT
ENTRY YCLOW
ENTRY RGERR
CMAR SET 50
MARK SXA 14,4
RSTRT LXA 14,4
SXA AEOS; 4
LXA 1451
CLA 4yl
TLE 46
PDX 0,2
XL *43,2,0
CLA L
STIT 491
TX1 #—Hg1ly—2
CLA 1.4
STT P
PAX w1
TXI #+1515-3
SXA LiMlsl
X1 #+151,5
SXA L{T1) 1
TX1 41,11
SXA L(T2).1
AXT 0,1 STORE USER H BANK
CLAs L(M) IN MARK COMMUNC AREA
STO Mel
™I #+1,1s-1
TXH =3, 104
CLAs L(M)
STA N
ARS i8
STA {N)

CLA= L(T1)

8-70




D

DRGNS

2

o 0

O O

o o

2

J D

O

®

AN

OERS

O

T0S 9

STO
CLA=
STO0
LXA
CLA
STA
LRS
STA
PXD
XCA
ARS
STO
PAX
TRA
ARS
TRA
COM
TRA
ST.0
CLA
STA
CLA=
LDQs
STO
STQ
CLA
STO
STZ
TSX
LXA
X1
PXA
ADD
XCA
MPY
STQ
XCA
ADD
STO
LOQ
MPY
XCA
ADD
NZIT
TRA
ADD
ADD
PAX
LAC
stz
X1
TIX
AXT
ST2
ST2
ST2
CLA»

23 SEPT 64

T1
L(T2)
T2
14,4
2,4
DER1
18
DER2

32
PHI
%y 1
24+5,1
2

*#43

&+6

E
LSTRY
TR1IGO
L(TL)
L(T2)
TRG2
TRG2+1
H

HC

J
ADDR,y 4
Esl
#41,71,3
0,1

LIM)

MARK

PHI -TESY

PHI=4 - AM WITH AEC
PHI=2 - NO AM

PHI=0 - AM NO AEC

INITIALIZE J COUNTY

FORM BSS LENGTH

CLEAR USER BSS AREA

INITIALIZE NH AND ND
IN MARK AND USER BANK

8-71
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HC
NI

TMIN
TMINZ
BMIN
TGO
7602
DELUY
TL
TL2
TR
TR2
TEMP
TRIGO

AEDS
ASET
AFLAG
TRG2

Yoot
Y(2)
YO
Y0{2)
MP1
14

ALS
STO»
TX1
CLA=
ALS
STD#
NZT
TRA
CLA
STO
sST2
TRA
CLA
STO
XEC
CLA
SSP
LDQ
TLQ
XCA
suB
LET
suB
STO
TSX
TRA
TRA
LXA
TRA
PZE
PLlE
PLE
PLE
PLE
TSX
PZE
PZE
PZE
PLE
PZE
PZE
PLE
BSS
PLE
PLlE
NOP
PLE
PLE
BSS
PLE
PLE
PLE
PLE
PZE
PLE
PLE
PLE

23 SEPT 64

18

LiM)
41191
LiM)

18

LINM)

E
#+5
RGFRK
GT2

MARK

A STET FLAG WORD =0 FOR 2.0X (AEC)

43
ADAMS +2
672
DER1

T1

H
*4+2

MAX{H,T) IN AC
HRO9 OIVIDE BY 2#%26
p
HRO9 DIVIDE AGAIN IF
DELU DELTA S5uUB U
ABTB, 4 INITIALIZE
=+2
RKC
14,4

D.P. TIME

INFERRUPT S.R.

304 ERROR RETURN

0

w4

10
TRG2

SET,4
FLAGy4

wwy ]
wn,]
e, ]
#e,]
*a,yl

03

Y




e
purg

SRS

B

'

5

T0S 9

NH
ND

{(N)
T1

T2
L{M)
L{T1)
L(T21

PHI
DER2
DER1

HD
HIC
LSTRT
DELO
GSIGM
ERC

DELX

DELY

DELZ

PLE
PLE
PLE
PLE
PLE
PLE
PLE
PLE
PLE
PLE
PLE
PLE
T$X
TSX
PLE
PLE
PLE
PLE
DEC
DEC
PLE
PLE
PLE
PLE
PLE
PLE
PLE
PZE
PZE
PLE
PLE
PZE
PLE
PZE
PlE
PZE
PZE

. -

PLE
PLE
PZE
PLE
PZE
PLE
PZE
PLZE
PLE
PLE
PLE
PLE
PLE
PLE
PZE
PLE
PLE
PLE
PZE
PZE

23 SEPT 64

ny ]

L L XL
L 3 P

START

w5,
my ]
t 2 FD
xwgl
gl
s, ]
A XN
ne,]
syl
ne, ]
ne,]
w8yl
wu,1
e, ]
¥, 1
ne,]
AL
ney ]
=%, ]
s,
#8,]
nmyl
", ]
se,1
eyl
syl
8,1
eyl
an,
w8, ]
®e,1
syl
L 1 % |
w8, ]
AT
4,1

8-73



T0S 9 23 SEPT 64 MARK

YN PLE #%,]
YN2 PLE %,y 1
EUBAR PZE UPPER LIMIT OF E(N+1)
ELBAR PZE LOINER LIMIT OF E(N+1)
HMAXT PZE MAXIMUM DELTA T
HMINT PLE MINIMUM DELTA T
YCLOW PZE LOWER BOUND OF Y(N+1)C
RGFRK TRA RGINT
ADDR LXA {N),1 SET TABLE ADDRESSES
SXD *+13,1
LXA Nel
SXD RGADs 1
SX0 *+13;1
SXD #+17,1
LXA Ms 1l
TX1 #+1;1,1
SXA MP1,1
X1 #+1,y1,1
SXA #49,1
LXA L{M)e ]
X1 #+1,1,7
AXT 592
TXI #+1,1,%
PXA #q1
STA YO(2)+1,2
TXI 41,1, N IN DECRE
TIX #=3, 2,1
AXT *;, 2 M+2 IN ADD
PXA #g1
STA DELX+1,2
TXI #4170 # N IN DECRE
TIX #=3, 2,1
LXA Ny 2
SXD +5,2
LXA MP1,2
™1 ®4+]1, 2,1
PXA *, 1
STA DELY+1,2
TX1 #4l1,% N IN DECRE
TIX #=3,2,1
NZT E
TRA RGAD+2
LXA Ne 2
SXD #+5, 2
LXA MP1l,2
TX1 #+1924.1
PXA *y1
STA DELZ+1,2
X1 4]y s
TIX *=3,2,1
AXT 292
PXA s, 1
STA YN2+1,2
RGAD TXI #4+ly1lym N IN DECRE
TIiX #=352,1
TRA e 4
ABTB SXA HAO1,1
8-74
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D0 7D
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p,
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HAO4

HA11l

HAOS

HAO6

HAO7

SXA
SXA
REM
REM
CLA
STD
STO
CLA
STA
CLA
Sus
STA
CLA
ST0
CLA»
STG6
LXA
CLA
TZE
TPL
X1
PDX
TXL
CLA
STD
STD
TXI
CLA
STA
suB
STA
CLA
NZT
TRA
FAD=
STQ»
STOs+
CAS
X1
TRA
ST0
CLA
STA
NZT
TX1
CLA
STO
™1
NZT
X1
CLA=
CAS
NOP
XI
SLo
CLA
STA

23 SEPT 64 MARK

HAD2,2

HAOQ3,4

ASET AND AFLAG SHOULD BE ASSEMBLED AS
ASET PZE SET.4 AND AFLAG PZE FLAG:4
HAL12 -

ASET ASET NOW CONTAINS NOP
AFLAG AFLAG NOW CONTAINS NOP
TRIGO

BMIN

TRIGO+1

HA1ll

s+]

a8

TMINZ

TRIGO+1

TMIN

14,1 FIND MARK

4,1

HAl0 END ‘OF TRIGGERS

2

HAO4,1,-2 SKIP NEGATIVE TRIGGERS
1,2 SET DEP. VAR. FLAG
#45,2,.0 {F INDEPENDENT VARIABLE, JUMP
HA13

ASET ASET NOW CONTAINS TSX
AFLAG AFLAG NOW CONTAINS TSX
HAQ&4, 1,42

5,1

HAOS

HA1l

HAQb

- TILD)

p

LR 2

HAQ®& T2(1)

HAQ®6

HAOS Ti(1l}

TMIN

HAO4,1,-2 TL(I)-TMIN=+,CONTINUE SEARCH
HAQ7 TI(I)-TMIN=0,CHECK TMINZ IF P=1
TMIN TI{I)-TMIN=~,REPLACE TMIN AND TMIN2
4.1

BMIN

p

HAQ#4,1,-2 P=0, CONTINUE SEARCH
T 72 (1)

TMIN2

HAO&4y 1,2 NEW TMIN TMIN2, CONTINUE SEARCH
p

HAGG,1,-2 P=0,CONTINUE SEARCH
HAQ6 T2(1)

TMIN2

HAO%,y1,-2 T2{I)-TMIN2=+,CONTINUE SEARCH
TMINZ2 T2(I)-TMIN2=-4 REPLACE TMIN2
441

BMIN

8-75
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10S 9

HA10

HAOS8

HAO9

HAL16

HAO3
HAO2
HAQ1

TXI
LXA
CLA
STA
STZ
STT
ARS
STA
CLA
ST0
ARS
STO
TNZ
CLA
STD
TRA
LAC
X1
TXL
CLA
STQ
CLA
STA
XEC
CLA
ARS
STO
Sus
TZE
TRA
AXT
CLAs
ARS
CAS
TRA
TRA
STO
TSX
AXT
CLAs
STO
AXT
CLAs
ADD
STA
ALS
S$TQOe
™I
CLA=
ADD
STA
ALS
STO=
AXT
AXT
AXT
CLA

23 SEPT 64 MARK

HAG4s1,~2 CONTINUE SEARCH
14,1 FIND MARK

251

DER1

TEMP

TEMP PHI IN T(TENMP)
18

DER2

1,1

HAOB

18

TEMP+]

s+4 GO COMPARE E0S WITH A (AEOS)
HA1l2

AEOS SET C(AEQS)=NOP

HAQ9 CONTINUE

AEQS, 2

#4],2,88

HAQ9, 2,0 E0S=A (AEQS)

HA13

AEOQS CLtAEDS)=TSX ®#n,4

TEMP+1

AEOS A(AEOS)=NEW EOS
AEOS

TEMP

15

TEMP PHI IN A(TEMP)

PHI

HAl6 PHI UNCHANGED
RSTRT PHI -AND RESTART
=441

L{M) PICK UP Ny (N)

18

(N)

RSTRT (N) BIGGER, RESTART
*+3 (N) UNCHANGED, CONTINUE
(N)

ADDR, 4 FIX DELX ADDRESSES FOR NEW (N)
'33 1

L(M)

H

-1,1 MODIFY NH AND ND BY
LiM) AMOUNT OF USER CHANGE
NH

NH

18

LiM)

s+l lo-1

L(M)

NOD

ND

18

L(M)

te, by

e, 2

e, ]

TMIN

07

O

e



T0S 9

HAl2
HAl13
HAl4

RKC

HRO4

HR11

HRG 2

HR12

HRO1

FSB
NZT
FAD
T™MI
TRA
NOP
75X
ocTY
cLA
Ssp
LDQ
TLQ
XCA
sus
LET
sus
STO
CLA
FSB
5T0
XCA
FSB
FAD
FAD
SLW
FAD
TPL
LXA
TRA
CLA
LDQ
TLQ
XEC
TRA
TSX
TRA
TRA
CLA
LDQ
STQ
TLQ
S10
XEC
TSX
CLA
LOQ
STC
STQ
XEC
XEC
TRA
TSX
TRA
STO
TSX
XEC
TRA

23 SEPT 64

Tl

P
DELU
1,4
214

L2 Py
2
Tl

H
42

HRO9
P
HR13
DELU
TMIN
Tl
TEMP

T2
TMIN2
TEMP
HRO3
DELU
*#43
14+ 4
34
HRO3
DELU
HRO2
BMIN
=+1
ABTB 4
HR11
HRO4

HRO3

H

HC

4+ 2

HC

ASET
KURTA 4
Tl

T2

TGO
TGO2
AEOS
AFLAG
RKC
SRCHy 4
HROS

HC
KUTTA,4
AEOS
HR12

MARK
IF - TMIN-Tl=~— AND P=0

THEN CHECK TO SEE IF TMIN
IS WITHIN DELU OF T1

MAX (H,T) IN AC
DIVIDE BY 2%826

DIVIDE ‘AGAIN IF D.P. TIME
DELTA

TIME ERROR

TRANSFER IF T NOT WITHIN
DELTA OF TMIN

GET NEW TMIN

TRIN-T

HC=MIN(HoTMIN-T)

INTEGRATE TO T+DT

NORMAL RETURN
FLAG RETURN
CON

BAK

8-77
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T0S 9

HROS5
HRO7

HRO8
HRO9
HR10
HR13
HRO3
RAY1
AMC

GTO

GT1

672

LXA
CLA
TZE
ANA
TZE
SXA
CLA
STA
TSX
TRA
LXA
TSX
TRA
™I
ocT
oct
ocT
ocT
PLE
NZT
TRA
TSX
PZE
SSp
TRA
CLA
F58
sSSP
CAS
TRA
NQP
XEC
TRA
TRA
TSX
TRA
TRA
XEC
NZT
TRA
TSX
PZE
Ssp
TRA
CLA
FSB
Ssp
CAS
TRA
NaP
NOP
NZT
TRA
TSX
AXT
LXA
X1

23 SEPT 64

14,1
4,1
RKC
HR10
HRO8
RAY1,1
4,1
®+]
"%y 4
s+]
RAY1,1
ABTB, 4
HR11

HRO7y 14~2
320000090000

400000

32000000000

0

P
#+5

DSUB; 4

T1l,0,TMIN

a4+ 4
Tl
TMIN

DELU
GT1

BM IN
=+ 2
RSTRT
ABTB,y 4
GT10+1
AMC
ASET

1]

*t5
DSUBs 4
71,0, TGO

*4+4
Tl
TG0

DELU
GT3

NH

a+8
X.SO,‘O
=1,1
NH, 2
.*1' 29"1

END OF TRIGGERS

EXECUTE BMIN

UPDATE TMIN

ADAMS-MOULTON CONTROL

RESTART

ENTRY FROM START

ERROR RETURN

DO SET ROUTINE

AEC FORK

HALVE INTERVAL

8-78

MARK
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I
o

LN
Lo

o

2

T0S 9

RGINT

GT3

GT4

GT5

SXA
PXD
STD»
NZT
TRA
1ET
TRA
TSX
AXT
LXA
X1
SXA
PX0
STD»
TSX
TRA
TSX
CLA
LDQ
sSTO
STQ
SSP
LDQ
TLQ
XCA
ZET
SusB
sSuB
sT0
CLA
CHS
FAD
FAD
STO0
STQ
CLA
CAS
TRA
TRA
TRA
CLA
CAS
NOP
TRA
CLA
STO0
STO»
CLA
STO
STOs=
TSX
XEC
TRA
TRA
CLA
STO
STO«

23 SEPT 64

NH, 2
042
Li{M)
ND
.t+]12
HD
#+10
X2.04,4
“211
ND, 2
#4],2,~1
ND, 2
0,2
LiM)
ABTB, 4
6GT10+1
ADAMS, 4
Tl

T2

TGO
T6G02

HC
42

P
GT10
GT10
DELU
DELU

T602
TGO
TEMP
TEMP+1
TEMP
TMIN
cTS
%42
GCT4
TEMP+1
TMIN2

GTS
TG0
Tl
LiT1)
1602
T2
L(T2)
PUTB 4
AEOS
GTé6
RSTRT
TMIN
Tl
L{TL)

MARK

DOUBLE INTERVAL

FIND NEW TMIN
ERROR RETURN
INTEGRATE

FORM DELU

HC IN AC

RESTART

8-79
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T0S 9

GT6

GT8

6711

6GT13

GT9

6712

STAR
GT10

KUTTA

CLA
ST0
STO*
78X
XEC
TRA
TSX
TRA
CLA
FAD
FAD
STO
STO»
STQ
STQe
TSX
TRA
sST2
£ XA
CLA
T2E
TMI
ARS
LBT
X1
SXA
CLA
STA
TSX
TRA
TRA
AXTY
CLA
STT
TRA
TSX
TRA
XEC
ZET
TRA
TRA
CLA
STO
TRA
PLE
ocT
LXA
TRA
SXA
SXA
SXA
CLA
FOH
$TQ
STZ
LXA
CLAw

23 SEPT 64

TMIN2
T2
L(T2)
INTRP .4
AFLAG
AMC
SRCHy 4
6T8

T2

HIC

T1

Tl
L{T1)
T2
L(T2)
INTRP ;.4
GT6+2
STAR
1444
4y &
GT9
GT11
17

GT8+2449~2
#+6y 4
4y 4
s+l

L PR

L 2
GT12
x4
=2
4,4
GT11
ABTB, 4
GT10+1
ASET
STAR
RSTRT
GT3

)

STAR
6T13

32000000000
T4 4
3e4h
HKO08,1
HK09,2
HK 10, 4
HC
HK12
TEMP+1
TEMP
(N),1
Y

FLAG SUBROUTINE

FLAG RETURN

EXECUTE INTERRUPTION

CLEAR 5 FROM TAG

ERROR RETURN

SET SUBROUTINE

FLAG ROR RESTART

ERROR RETURN

DT/2

MARK

11



DD

)

)

ijf

T0S 9

HKO 1

HKO3

HKO38
HK09
HK10
HKO2
HKO 6

HKO4

HKO5

HKO7

STO»
TIX
AXT
LXA
PXA
ANA
PAX
LDG#
FMP
TRA»
TIX
CLA
FAD»
STO»
XCA
FAD#®
FAD»
STQ»
STO=
SXA
SXA
SXA
XEC
AXT
AXT
AXT
TIX
CLA»
LDQ+#
S$10
S1Q
AXT
AXT
AXT
TRA
STOs
FDP

A

ALA
FADa
STCs
TRA
sST0
XCA
FMP
FAD»
STO»
CLA
TRA
STO
XCA
FMP
FAD=
STO»
CLA
TRA
FADS
FDP

23 SEPT 64

YO
#=~291s1
4o
(N}
I 4

=1

22
¥YDov -
HC
HK11l,4
2-3,1,1
TEMP#+1,2
L(T1)
L{T1)

LiT2)
Lt(T1)
L{T2)
L(T1)
44,1
#4442
*‘F‘tg oy
DER1,2
a%, ]
“hg 2
L 3 PR
HKOls,4,1
LivTl)
LiT2)
T1

T2
#u,]1
kg 2
%y 4
Lse 4
Yo(2)
HK12

YO

Y

HKO03
TEMP#2

HK12
Yo({2)
Y0(2)
TEMP+2
HKOZ2+1
TEMP 42

HK12
Yot 2)
¥Y012)
TEMP +2
HKO6
Yoi{2)
HK13

MARK

SAVE INITIAL VYALUES OF Y(I)}

GET BIT 35
C{XR2)=1 OR O

SWITCH FOR PASSES 1-4
DO (N)
GEYT 0 OR H/2

DO DER1 OR DER2

OUTER LOOP, DO 4
NEW TIME IN BUFFER

K{1}) STORAGE

YO +# K1/2, K2/2, K3

Kl + 2 K2

Kl # 2 K2 +# 1 K3

8-81
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T0S 9

HK11
HK12
HK13
ADAMS

RGET1

XCA
FAD*
FAD=
STO=
STQs
TRA

oCcTY
DEC
DEC
TRA
TRA
NOP
AXT
AXT
AXT
TRA
SXA
SXA
SXA
NZT
TRA
NZT
TRA
ST
TSX
TRA
75X
PLE
CLA
FAD
STO
XCA
FAD
FALC
STO
STQ
STO#
STQ+«
XEC
NZT
TRA
LXA
LXA
CLA%
STO»
TIX
NZT
TRA
T™]I
TXL
CLA»
ST.O=
CLA»

23 SEPT 64

Y{2})
Y0

Y
¥i2)
HKO3
HK 02
HKO4
HKOS
HKO7
1000000000
20

ADAMS+3,1
ADAMS+4,2
ADAMS+5: 4
E

&+ 6

A

2+4

A

ABTB, 4
GT10+1
GAINT .4

HC
T1
TEMP

T2

TEMP

Tl

T2
L(T1)
LiT2)
DER1

E

RGUP
{N), 1
MP1,2
DELX, 2
DELZL 2
=2, 2l
E

*+3
w#4ly29-1
#=6y 250
YO

YN
Yo(2)

(Kl + IK2 + IK3 + K4)/6

EXIT

TO DERIV BOX 1

ERROR TEST 1
SAVE YN,DELTA N

MARK

13
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m

N

™~

T0S 9

RGUP

GND

GND1

GLP

STOe
TIX
CLA
STO
LXA
CLA
FOP
XCA
Y
STO
TRA
TSX
CLA
TNZ
LXA
CLA=
STO=
CLA»
STO»
TIX
NZT
TRA
NZT
TRA
TSX
TRA
ST0
T™I
CLA
TRA
CLA
STO
Ly ¥4
TSX
LXA
STZ=
STl=
TiX
TSX
oCcY
PXD
LXA
FAD
TIX
STO
XEC
LXA
LXA
CLA=
FSBe
FSB»
STOs=
FAD®»
STO=
TIX
NZT
TRA

23 SEPT 64

YN2
RGET1s1ls1
RFIX1

NI

MP1,2
GCOFP,.2
GCOFC~1,2

RGA
RGUP
UPDAT .4
NI

GND1
(N), 1

Y

YO

Y(2)
YO(2)
#=441,1
E

»+4

A

®42
X2.0s54
ADAMS+3
TEMP+3
=+3
ADAMS+2
42
ADAMS+1
GFRK 2
GZP
PUTB: 4
(N),1
YO
¥Y0(2)
=2y il
GAINT,,.4
7177
0,0
MP1l,1
GCOF(C,.1
#—-151,1
GSIGM
DER2
MPl,4
(N),1
YDOT
DELX 4
Yo(2)
YO
Y0(2)
Yo(2)
#=6y 1,1
€&

GFRK2

TO CORRECY

T0 EXIY

CORRECT

SUM M+1 COEFF

TIME UNCH D.B.

AEC TEST 2

8-83
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T0S 9

RG1

RG3

RGX.2

sSTL
ST12
LXA
CLAs
SSP
CAS
TRA
TRA
CLA
ST0
TSX
sSSP
FOP
XCA
CAS
TRA
TRA
CLA
STO
FDP
CLA
TLQ
STQ
TIX
CLA
CAS
TRA
TRA
LET
TRA
CLA
FAD
CAS
TRA
TRA
CLA
ST0
TRA
CLA
CAS
TRA
TRA
TRA
LDQ
FMP
CAS
TRA
TRA
TRA
CLA
STO
CLS
FAD
ST0
XCA
FAD
FAD

23 SEPT 64

RGERR
RGYPC
(N),1
Y

YCLOW
*+3

=42
YCLOW
RGDI
RGMAX,. 4

RGODI

RGYPC
s4+3
*+2
RGYPC
RGYPC
RGA
RGERR
*+2
RGERR
RG1l,1,1
RGERR
EL BAR
RG3
w+]
HD
GFRK 2
HC

HC
HMAXT
GFRK2
GFRK2
o

A
GFRK 2
RGERR
EUBAR
RGX.2
GFRK2
GFRK 2
HC
GCOFP-2
HMINT
*4+3
GFRK 2
GFRK 2
RFIX1
NH

HC

Tl
TEMP

T2
TEMP

ERROR TEST 2

0.5 DELTA T

HALVE

MARK

15
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T0S 9

STO
STQ
STO»
STQw
LXA
RG4 AXT
LXA
CLA=
STO*»
TNX
STO»
TIX
X1
TXL
CLA»
STO»
STO»
CLA»
STO=
STO»
TIX
XEC
STZ
sST™Z
CLA
ST0
TSX
TRA
TRA
GFRK2 NOP
LXA
™1
SXA
TXH
TRA
LXA
LDQ
FMP
STO
LDQ
FMP#»
FAD=
FAD~
STO»
STQ»
TIX
TRA
NQOP
LXA
GADN LXA
CLA=
FAD»
STO=
TIX
TIX
TRA
GAINTY TRA

23 SEPT 64

Tl

T2
L(Tl)
L{T2)
{N),1
2:4
MP1,2
DELZ,2
DELX,:2
242, 4,1
YDOT
w=lyy 2,41
#41,2,~1
2-64 2,0
YN

YO

Y

YN2
Yo(2)
¥Y{2)
RG4y 1,1
AEOQS
ND

HD
RBIG
TRG2
ABTBq 4
6GT10+1
GT2+1

TEMP43,2
s+]132,~1
TEMP+3,2
#4242,0
GADN-2
{N),1

HC

GSIGM
TEMP+1
TEMP+1
YO

Y(2)

Y

Y

Y(2)
#-641,.1
GLP

MP1,2
{N),1
YO(2)
DELX,2
DELX,2
~3,1,1
#~54 241
GND

*+7

RESTORE TN

FIND NEW TMIN
ERROR RETURN

FORM NEXT ITERATE

FIXED ITERATIONS END

DIFF TABLE UPDATED
T0 EXIT
PREDIC TOR-CORRECTOR SR

8-85
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T0S 9

PLE
PZE
AXT
AXT
AXT
TRA
SXA
SXA
SXA
CLA
TZE
CLA
TRA
CLA
STA
LXA
LXA
AXT
ST12
LDQ
FMP»
FAD
STO
TX1
TIX
XCA
FMP
FADs
STO0
XCA
FAD#®
FAD
STO»
STQ=
TIX
TRA
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
GCOFP DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
GCOFC PLE

23 SEPT 64

GCOFP
GCOFC

%y 1

®y2

*e ly

29 &
GAINT+3,1
GAINT+4,2
GAINT+5,4
Is4

*+3
GAINT+2
42
GAINT+]
*4+S

(N),1
mpi,2

1: 4

TEMP

*. 4
DELX, 2
TEMP

TEMP
#+]1ly4,1
#=~5,251

HC
Y
TEMP

Y(2)

TEMP

Y

Y{2)

#-18,1,1
GAINT+3
0.2870754484
0.294868B003
0.304224539
0.315591936
0.329861111
0.348611111
0,375
0.4166666b66

0.5

1.0
-0.0078925542
-0.0093565362
-0.0113673950
~0.0142691795
-0.1875E-1
-0.2563888888E6—1
-0.416666666E~1
-0.833333333E~1
"0-5

1.0

CALL SEQ

TSX GAINT,4

PZE K

NOR RET

IF K=0,PREDICTY

IF K NOT O,CORRELT

TO EXIT

MARK

17
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T0S 9

RGA
RGERR
RGDI
RGYPC

RGMAX

RGMX

FLAG

C
x
2
Yool

OZONE

ODEN

OMER

PLE
PLE
PLE
BSS
PLE
SXA
SXA
LXA
AXT
STZ
LDQ
FMPs
FAD
ST0
TX1I
TIX
LXA
AXT
STZ
LDQ
FMP#»
FAD
STO
TX1
TIX
FSB
XCA
FMP
AXT
AXT
TRA
SXA
SXA
SXA
AXT
LXA
STz
CiLA
TZE
TMI
PDC
TXL
CLA
FSB»
SI0
T™MI
CLAs
TPL
CLA
ST.O«
STOe
CLA
STTY
STT
X1
TX1
TXH

23 SEPT 64

3

0

RGMX +-4
RGMX+1,2
MP1,2
1,4
RGYPC+1
GCOFCy4
DELX 2
RGYPL#1
RGYPC+1
241,%:.1
#=5,241
MP1,2
1:4
RGYPC+2
GCOFP, 4
DELZ,2
RGYPC+2
RGYPC+2
s+ly4,1
#=5924.1
RGYPC+1

HC

04

042

1.4
00P, 1
OUCH, 2
OuT, 4
OMAR, 2
14,4
ORGY

g &4

OUT

OMER

el

OMER, 1,0
0,1

5¢4

TEMP
OBEY

L,

OINK
TEMP

R

W

FLAG
ORGY

4y4
241,21
"’+11 4,“2
OMNI, 2,0

COEFF< FOR ERROR DETER.
E{N+1)

/D(L)/

FLAG WORD FOR TURNING ON DOUBLING(AEC)

SAVE INDEX 1
SAVE INDEX 2
SAVE INDEX 4

INDEX FROM TSX MARK,4

LAST TRIGGER

IGNORE NEGATIVE TRIGGERS
ADDRESS IN INDEX1

IGNORE TIME STOPS

YsusJ

SIGN OF DIFFERENCE TEST
YSUBJ-ZSUBJ AT TL

IF SAME SIGN IGNORE
RJ=WJ FOR FLAG

TEST FOR FLAG RETURN
FLAG

8-87



T0S 9

ouT
oop
OUCH
OBEY
OINK

SET

OVER

OMEN
OPINE

OBIT
ODE
O0ZE

ORGY

OMAR
LTAB
RTAB
WTAB
SRCH

ONSET

LXA
TRA
AXT
ZET
™I
AXT
AXT
TRA
CLA®
TPL
CLA
TRA
SXA
SXA
SXA
LXA
AXT
CLA
STO
CLA
STO
CLA
TZE
T™MI
PDC
TXL
CLA
FSB#»
STQO»
T™XI
TXI
TXH
LXA
TXI
AXT
AXT
AXT
TRA
PZE
PZE
PZE
PLE
EQU
BSS
BSS
BSS
SXA
SXA
SXA
CLA
STO
STO
LXA
AXT
CLA
TZE
™I

23 SEPT 64

14+4

3,4

v

ORGY
00?’ 49\\"1
»1

+2

l:4

L

OZONE

.

ODEN
0BIT, 4
00ZE,2
ODEs 1
1454
OMAR, 2
T1

TL

T2

TL2

by 4

oBIT
OMEN

11

OMEN, 1,0
0,1

5,4

L
#+1,2,~1
DPINE,49-2
OVER, 2,0
14,4
ODE' 41‘-2
»4

. |

92

1+ 4

L TAB+OMAR, 2
RTAB+0OMAR, 2
WTAB+OMAR, 2
50

OMAR

OMAR

OMAR

0BOY,. 4
OVAL; 2
ORB, 1

OBESE

OGEE

HP

4,4

OMAR, 2

4y 4

oBoYy

OMIT

MARK 19
ERROR RETURN FOR TOO MANY

DEPENDENT VARIABLE STOPS
IF ZERO

OTHERWISE NORMAL
YSUBJ-ZSUBJ AT TL

SET FLAG IF SIGN NOT EQUAL
OTHERWISE CLEAR TAG

AND CONTINUE

SAVE INDEX 4

SAVE INDEX 2
SAVE INDEX 1

OR
OTHERWISE

LAST TRIGGER
IGNORE NEGATIVE TRIGGER

IGNORE TIME STOPS
YSusJ

YSusJ-2ZsusJ

ERROR RETURN FOR TOO MANY
DEPENDENT VARIABLE STOPS

TAG STORAGE

SAVE INDEX 4

SAVE INDEX 2

SAVE INDEX 1

HM=BIG

INDEX FROM TSX MARK,4

LAST TRIGGER
OMIT NEGATIVE TRIGGERS

8-88
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T0S 9

OVARY |

RSTOR

OCCUR

o
P4
o
o]
<

A2

m

p -1

s
J

-
-

PDC
TXL
ST7T
NZT
TRA
CLA
FSBe
STOs
FSBs«
STO
CAL»
ERA#
PBT
TRA
SXA
SXA
TSX
PZE
AXT
AXT
FDP
FMP»
ST0
CLA
LDQ
TLQ
TRA
STQ
CLA
sSSP
FSB
TPL
CLA
TRA
CLA
S1T
TRA
CAL#®
ERA#
PBY
TRA
CLAs
FSBe
STG
SXA
SXA
TSX
PLE
AXT
AXT
FOP
FMPs
STO
LDQ
TLQ
STQ0
TRA

23 SEPT 64

0,1
OMIT, 1,0
ORGY
DRGY
ODOR
0,1
514

W

L

TEMP +2
W

L

REACH
OVARY .4
OVARY=-1,2
DSUB, 4
TL,»T1
%y 2
w4
TEMP+2
W

TEMP
OGEE
TEMP
w42
RSTOR
OGEE
TEMP

DELU
OCCUR
OFT
ONION
ORB
P
ODOR
W

R

RFLAG
W

R

TEMP 42
%44, 2
l*‘,"‘
DSUB, 4
TRy» Tl
t 1 P

e 2 Y
TEMP+2
W

TEMP
HP
RSTOR
HP
RSTOR

OMIT INDEPENDENTY STOPS

TEST WORD
EQUAL ZERO
NOY 'EQUAL ZERO

WSUBJ=YSUBJ-ZISUBJ

EQUAL SIGN SGN WJ=SGN LJ
OPPOSITE IN SIGN

(TL-T)}/(WJ-LJ)

HM
R

R LESS THAN HM

SGN WJ=SGN RJ

Wd-RJ

(TR-T)/(WJI-RJ)

8-89



T6S 9
RFLAG

ODOR
OMIT

0BOY
ORB

RSTRJ

RSTOT

OVAL

OGEE

HP

OBESE
OFT

INTRP

CLA
STT
TXI
TXI
TXH
LXA
TRA
AXT
AXT
CLA
FSB
TNZ
AXT
CLA=
STO»
TIX
CLA
LDQ
STO
S$TQ
CLA
TRA
AXT
CLAs
STO=
TiX
CLA
LDQ
ST0
STQ
CLA
STO
SSP
LDQ
AXT
TLQ
TRA
CLA
TRA
PLE
PZE
ocT
PZE
REM
REM
REM
SXA
SXA
SXA
TSX
PLZE
STO0
FOP
STQ
LXA
LXA
CLA

23 SEPT 64

-

44

#415 251
24194472
ONSET; 240
14,4

34 ERROR RETURN (TOO MANY DEPEND.

1 1 P
*4y]
OGEE
OBESE
RSTRY
OMAR, 2
W

L LJd=WJ
#—24241
Tl

T2

TL

TLZ2

HP
RSTOT
OMAR, 2
W

R RJI=WJ
#-25241
T1

T2

TR

TR2
OGEE
HIC

DELVU
w, 2
®+2
1.4
HIC
2¢ 4
HM

I77TTTTITITIT
5

INTERPOLATION ROUTINE FOR ADAMS—-MOULTON (MARK)

TSX INTRPs.4
NORMAL RETURN

RICH, 4 ENTER
RICH+1,1
RICH+2,2
DSUBy .4
TG0,,.T1
RIMU~1 HE (MU)
HC
RIM My
RLOC1+3,2 IR2=2
Ms 4 IR4=M
RIB

8-90

VAR TRI

0

DI

D




S

T0S 9

RLOC1L

RZERO

RLOC2

RLOC3

RLOCA

STO
ST0
STO
CLA
FAD
sSTO
XCA
FMP
STO
CLA
FSB
ST0
XCA
FMP
ST0
FDP
XCA
TNX
CHS
TRA
TX1
STO
TIX
LXA
PXD
PDX
LXA
CLA
STO
LDQ
FNP
FAD
ST0
TX1!
TIX
STO
TIX
LXA
LXA
LXA
£y § 4
LDQx
FMP
FAD
ST0
TXI
TIX
FADs»
XCA
FMp
STO0
CLA=
FSB
FAD=
STO»
STQ»
TIX

23 SEPT 64

RIC
RFACT
RIMU-2,4
RIC

RIB

RIC

2

RFACTY
RFACT
RIM

RIB

RIM

1
RIMU~2,4
RIMU-1,4
RFACT

RLOCZ2,2,1

RLOC2+1
RLOC2+1,2,1
RAJ» 4
RLOC1 4,1
My 4

0:4

052

Myl

RIB,2
RSUMC
RAJ,1
RIB+1,2
RSUMC
RSUMC
&+laly—-1
RLOC3+5,2,.1
RICJ 4
RLOC3 4,1
{N).,1

Ms2
RIERD .4
RSUMD
DELX,2
RICJIs4
RSUMD
RSUMD
"*1’ 4'1
RLOC44.2,1
DEL X, 4

RIMU-1
RSAVE

Yot(2)

RSAVE

YO

Y

Y(2)
RLOC4-3,1,1

MARK 22

MU'MU’! oo ee

ASUBYJ J=lseeesM

DIFFERENCES



T0S 9

RICH

RIMU
RIM
RMP1
RSAVE

RIB
RIC
RFACT
RAJ
RICJ
RSUMC
RSUMD
UPDAT

HUO1

HUO2

HUO06

HUO7

HUO3
HUO4

SXA
XEeC
XEC
AXT
AXT
AXT
TRA
BES
PLE
PZE
PLE
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
OEC
DEC
PZE
PLE
BES
BES
PZE
PZE
SXA
SXA
LXA
LXA
ZET
X1
SXA
CLA
ADD
STA
STA
AXT
CLA®
STO
CLA
STO
FSBe
STO
CLA
STO«
TIX
TIX
AXT
AXT

23 SEPT 64

GIP, 1
DER1
AEOS
L2 PR
nEy ]
*ug 2
1,4
17

-0.382689955E~2
-0.421495223E-2
~0.467749840E~2
-0.523669325E~2
~0.592405641E-2
~-0.678584998E~2
-0.7892554012E-2
-0.935653659E-2
-.1136739417E-1
-0.1426917989E—-1
-0.01875
-0.0263888889
~0.0416666667
-0.0833333333
-0.5

1.0

15
15

HUO3, 1
HUO4, 2
{N})s1
MP1,2

€
*+1,2,1
HUO1, 2
HUOS

&

HUO6
HUO?7
ey 2
YDOT
TEMP
TEMP
TEMP+1
*n,2
TEMP
TEMP+1
*wg2
HUO02,2, 1
HUO1ls1,1
wagl
a2

MARK 23

EXIT

MU{MU-1) (MU-2) .o (MU-T)
M+1

B15
Bla
813
812
811l
810
B9
88

87

B6&

B5

B4

B3

B2

81

B0 BSUBJ VALUES (0-10)

FACTORIALS

A Ssus J
C sus J

C{XR1)=(N)
C{XR2)=M+1

BUMP XR2 IF E=1

ADDRESS IS DELX + E

INNER LOOP, DO M+ 1+E
OUTER LOOP, DO (N)

O

A

DENY

DD

.i)

»

DD D

D)

D



T0S 9

TRA
HUOS5 PZE
DABD TRA
DSUB TRA

PlE

PLE

CLA

STQ

TRA

ST2

CLA

STO

LDC

LAC

CLA

ZET

CHS

FAD

sST0

CLA

ZET

CHS

FAD

STO0

XCA

FAD

FAD

TRA

START SXA

CLA

FAD

STQ

XCA

FAD

FAD

STO

STQ

TSX

CLA

ADD

STO

ZET

Sus

SuB

TNZ

CLA

STO

CLA

STO

LXA

CLAw

LDQw=

STO»

STQ=

TIX

TRA
GRT1 AXT

23 SEPT 64

1,4
DELX
DSuB=#6
DSUB+3

pSuB
DSUB+2
42
DSuUB+2
1:4
psSuB+1
DSuUB+1,1
DSUB+1,2
1,1
DSuUB+2

142
TEMP
0,1
psuB+2

0,2
TEMP+1

TEMP
TEMP+1
2v4
GRT1l,4
H

Tl
TEMP

T2

TEMP
TRG2
TRG2+1
UPDAT,4
J
START+30
J

E
START+30
MP1

GRT1
START+31
TRG2

H

HC

(N), 1

Y

Y{2)

YO

Ya(2)
%4, 1,1
GTO

£ 2 I

TSX DADO-DSUB,4
PZE L(Al),0,L(B1)

TEST TRANSITYION FROM

70 AMC

8-93

RK TO AM

MARK

24



T0S 9

PUTB

PTB1
GZP
e SUBR

X2.0

RAGS
ROGS

RIGS

23 SEPTY 64

TRA 1,4

DEC 1

oCcT 377TIWRATITNT
SXA PTBl:4

LXA {N),1

CLAs YO

STO#= Y

CLAs Y0(2)
STO= Y(2)

TIX #=44151
ZET GIP

XEC DER1
ST GLP

AXT L L)
TRA 194

PLE

FOR DOUBLING (MARK)
TSX X2.0
NORMAL RETURN
SXA RX2.094
SXA RX2.0+1,1
SXA RX2.0%2,.2
CLA M

ZET E

CLA MP1

ACL RMAG
FAD RMAG
XCA

FMP HC

ST0 TEMP
XCA

FAD T2

STOo TEMP+1
CLA Tl

FAD TEMP
STO TEMP
XCA

FAD TEMP+1
FAD TEMP
STO TRG2
STQ TRG2+1
CLA RALF2
STA TRIGO
CLA RMAG
STO HD

TSX RSUM, 4
LXA (N},
LXA MP1,2

CLA= DELX, 2
STO» DELY,2

TIX ROGSy 2.1
NZT E

TRA RIGS

TXI #+]429~1
T™@L ROGSy 2,0
TIX RAGS, 1,1
TS8X RUPDA .4

RESET DEP VAR BANK
FROM SECONDARY BANK

MARK

25

9

D D 0

D

200 D D

2

»
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T0S 9

RX2.0

RISK

RIN1

RIN2

RIN3
RING

ROCK

RINS

ROLL

RMAG
RALF2
RDUBL

RBIG

RAD1

RAD2

* SUBR

AXT
AXT
AXT
TRA
SXA
SXA
SXA
STZ
LDQ
FMP
ST0
CLA
STO
TSX
LXA
CLA
STA
LXA
SXD
SXD
AXT
AXT
NZT
TRA
AXT
AXT
CLA=
STOs
TXI
TXI
TXL
XL
TRA
CLA
STA
AXT
CLA
LBT
TRA
ZET
AXT
TRA
AXT
NZT
TRA
AXT
TRA
TIX
TSX
TRA
OoCcT
TSX
DEC
ocT
PLlE
PZE

23 SEPT 64

R G
ww,l
"e, 2

ke &
RX2.0:.4
RX2.0+1,1
RX 2.0"'2'2
HD

HC

RDUBL

HC

RBIG
TRG2
RSUM, 4
{N),1
RAD1
RINZ
MP1,2
RIN3,2
RIN%, 2
1,2

I,4

E

RINZ2

0,2

0,4

DELY .2
DELY .4
%#4]1,2,2
o+1,4,4.1
RIN2:2,0
ROCK440
ROLL
RADZ2
RIN2

292

M

RINS
E
292
RIN2
3,2
£
RIN2

1,2

RIN2
RIN1,1,1
RUPDA %
RX2.0

233000000000

RISKy4
2.0

3rrnrrmrrr

DELY
DELX

FOR HALVING(MARK)

MARK

HE=2.0HC

M ODD
ERR CONTROL(SKI®? FOR NO ERR CONTROL

M EVEN
NO ERROR CONTROL

ERROR CONTROL

26



TSX

23 SEPT 64

Xe50:4

NORMAL RETURN

X550 SXA
SXA

SXA

STZ

ST

CLA

STO

LDQ

FMP

STO

CLA

LET

CLA

ACL

FAD

STO

STO

FS8

STO

LXA

ZET

LXA

X1
RNTRS LDQ
FMP

STO

CLA

FSB

STO

TIX

LXA

TSX
RNTR1 ST2Z
ST2

LXA

£ XA
RNTRO CLA
LBT

TRA

RODD STZ
SXA

SXA

LXA

NZT

TXI

LDQ

FMP

CHS

ST0

FAD

ST0

FAD

ST0

ST2
RNTR3 LDQ

RX.S:‘}
RX.S*I. 1
RX-5*2:2
ND

HD

RBIG
TRG2

HC

RO.5

HC

M

E

MP1
RMAGN
RMAGN
RFLOM
RFACM-1
RFLOL
RFACM-2
M, 2

£

MP1,2
RNTRS54.29-2
RFACM-1
RFACM-2
RFACM-1
RFACM-2
RFLOL
RFACM-2
RNTRS54 2,1
{N)y1
RSUM, 4
RN

RNPR1
MP1,2
MP1,4
RNPRI

REVEN
RKO
RSAV2,2
RSAV3,4
M, 4

E
*+]l,y4,-1
RN

RIDEL-1
RFLOL
RIDEL-2
RFLO1
RIDEL-3
RSUMS
RIDEL-2

N EVEN
N 0DD

MARK

21

o
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D0 0 D DO D 0

D
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DD
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M

o~

7~

T0S 9

RNTR2

RSAV2
RSAV3

REVEN

FMP
STO0
CLA
FAD
ST0
TIX
CLA
FDP
STQ
LXA
LDQ
FMPHs
FAD
STO
CLA
FSB
STO
CLA
FAD
sStTo
FAD
STO
CLA
FAD
STO
LDQ
FMP
ST0
LDQ
FMP
FDP
FMP
CHS
STQO
TIX
NZT
TRA
™1
TXL
AXT
AXT
CLA
TRA
CLAs
STO=
CLA
FAD
STO
CLA
ADD
S1ig0
LBY
TRA
TXI
TEX
NZY
TRA

23 SEPT 64

RIDEL-3
RIDEL=2
RIDEL-3
RFLO1
RIDEL-3
RNTRBy4,.1
RIDEL-2
RFACM-1
RAO
MP1,2
RAQC
DELX, 2
RSUMS5
RSUMS
RFLOM
RKO
RFACH-=2
RIDEL~-1
RKO
RIDEL-3
RFLGL
RIDEL-2
RKO
RFLO1
RKO

RKO
RIDEL-2
RTEMP
RFACM=2
RIDEL-3
RTEMP
RAQ

RAO -
RNTR2,2,1
E

RSAV2
#4142,~1
RNTR2,+2,0
ey 2

=y 4
RSUMS
REVEN+1
DELX,2
DELY 4

RN

RFLO1

RN

KNPR]
RFIX1
RNPR1

42

"'1, 2,#‘1
RNTRO,.4,.1
E

RNTRSG

MARK

28



T0S 9

RNTR4

RX.5

RMAGN
RO.5
RFLO1
RFLOM
RN
RKO
RIDEL
RSUMNS
RFACM
RAO
RTEMP
RNPRI
RFIX1
RUPDA

RUPO
RUP1

RUP2

RUP3

SUBR

RSUM

RECH

RSUM1

23 SEPT 64
X1 #+)94,-1
TXL RNTRO, 440
TIX RNTR14.1,1
TSX RUPDA .4
AXT Ry 4
AXT %y ]
AXT %y 2
TRA 1,4
oCcT 233000000000
DEC 0.5
DEC 1.0
PZE FLOAT M
PLE N
PZE K
BES 3
PLE
BES 3
PLE
PLE
PLE
PZE 1
SXA RUP3,4
SXA RUP3+1,1
SXA RUP342,2
LXA MP1,2
SXD RUP2,2
AXT 0,2
LXA (N),1
CLAw DELY,2
STO= YDOT
TIX RUP1,1,1
TSX UPDAT .4
X1 RUP2,2,1
XL RUPQD,250
AXT *Rg &y
AXT #a,]
AXT e, 2
TRA 1,4
TO OBTAIN DERIVATIVES FROM DIFFERENCES
TSX RSUM, &4
NORMAL RETURN
SXA RIRS, 4
SXA RIRS+1,:1
SXA RIRS+2,;2
NZT €
TRA REO
AXT 1,2
CLA MP1
STA RSUM1
STA RSUM2-1
CLA RADDS,.2
STA RSUM3
CLA RADDS-1,2
STA RSUM4
STA RSUMYT
LXA (N)s1 IR1=(N)
AXT 0s2

8-98

MARK
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T0S 9

RSuUM2
RSUM3
RSUM4
RSUM7

RSUM6

RIRS

REOD

RADDS

- TGLO

SXD
AXT
AXT
CLA»
FSB*
STO#»
TXI
TXL
LXD
TX1
SXD
TIX
TIX
AXT
AXT
AXT
TRA
CLA
STA
STA
AXT
TRA
PLE
PLE
PLE
SYN
END

23 SEPT 64

RSUMG6,.2
0,4

1,2
DELX~1,2
DELX,.2
DELX,2
RSUMB 241
RSUM3, 2, un
RSUMbL,.2
#4]1,25-1
RSUM6E4+.2
RSUM2,5.4,}
RSUM1,1,1
%%y 4

L 2 I |

“ny 2

1.4

M

RSUM]
RSUMZ2-1
0s2

RECH
DELX+1
DELX
DELX-1
160

8-99
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T0S 9

$IBMAP

CLEAR

BEGIN

RETRN
LOC

CLR

ENTRY
SAVE

CAL
ANA
TNZ
CLA
STA
SuB
™I
PAX
STl
TIX
AXT
STZ»
X1
RETURN
PZE
END

23 SEPT 64

SUBROUTINE TO CLEAR MEMORY LOCATIONS

CLEAR
14254

TEST FOR END OF ARGUMENTS

394
=0777777000000
RETRN

444

LOC

3:4

%#45

*u,1

LOC
#=1,1,1
0,1

L0OC
BEGINjy4,-2
CLEAR

=%y ]l

8-100

D

0

2

»

> O D O D

2D

DI



N

™

Sagar

M

M

T0S 9

$IBMAP

#

EMARK

23 SEPT 64

EMK
CALL EMARK(HC,RGERR')
ENTRY EMARK

SAVE 1,244
EXTERN HC
EXTERN RGERR
CLA HC
STO» 3:4
CLA RGERR

STO: 4,4
RETURN  EMARK
END

8-101




T0S 9 - 23 SEPT 64 UNS8

$IBMAP UNS
ENTRY ~UNOB8.

-UNO8. PLE UNITOS8

UNITO8 FILE »B({1),BIN,BLK=256,INCUT,READY
END

8-102
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ONERS

rj)

n-’)

T0S 9

$IBMAP SMK1

L
*

* 00 20

1044

SMARK

STON

STRG

CALE
ETC
ETC
ETC
ENTRY
SAVE
X1
CAL*®
ALS
ORA
SLW
CLA
ADD
STA
ADD
STA
ADOD
STA
ADD
STA
ST1Z
CLA®
ALS
STD
CLA
STA
CLA
STA
CLAs
STQ

EXTERN

CLAs
STO
EXTERN
CLA=»
STQO
EXTERN
CLAw
sTa
EXTERN
CLA»
STO
EXTERN
STZ
EXTERN
AXT
CLA
ANA
TNZ
CLA
CAS
TRA

23 SEPT 64

FORTRAN IV SET UP ROUTINE FOR -JP-MARK

PROGRAMMER~R .GODDELL
ASSEMBLED~-MARCH 17,1964
MAP-T044

SMARK €K IND s N+ HBANK=3 ,NRTN NTRGyEU,EL yHMX,HMN, YL,
LV1, WV1,.

LVZ2,TN2,.

UP TP TEN TRIGGERS )
SMARK

1204

#4+1y44-2

1: 4

15

ADER DER1,0,DER2
CMARK+2

34

=3

CMARK+1

=1

STON

=1

AINV

=1

=+]

E )

29 %

18

-

b449%

NRTN

Se4

NTRG

694

EUBAR

EUBAR

T2 4

ELBAR

ELBAR

814

HMAXT

HMAXT

9e4

HMINT

HMINT

10,4

YCLOW

YCLOW

RGERR

RGERR

0,1

11,4

=07TFEI77000000
ENTRG

11,4

ANINV INDEPENDENT VARIABLE
*$2

8-103




T0S 9

ENTRG

CMARK

TRG

ECS
DER1
DER2

GTRG
EXIT

CLA
ALS
STO
CLA
SSP
STC
CLA
STA
TXI
TXL
TXI
CLA
sSSP
CHS
STO
TXI
TXH
TSX
EXTERN
pLE
PLE
TRA
PLE
PLE
PLE
PLE
PLE
PLE
PZE
PLE
PZE
PLE
PLE
PLE
PLZE
PLE
PLE
PlE
PLE
PLE
P1E
PLE
PZE
CLA
TRA
CLA
TRA
CLA
TRA
CLA
SXA
SXA
SXA
STO»
RETURN

TRAl4 AXT

LXA

23 SEPT 64

=0
18
TRG» 1
TRG. 1

TRG, 1

1244
TRG+1,.1
*4+191,-2
CMARK 4.1 ;~20
STRGy4,-2
TRG, 1

TRG, 1
#4+]141,~2
ENTRG,1,-20
MARK, 4
MARK
s%,0,E0S
OER1l, +DERZ
EMARK

TRG1

TRG2

TRG3

TRG4

TRGS

TRG6

TRG7

TRGS8

TRG9

TRG10

SMARK
0,0
IX4,4

TURN ON TRIGGER

TURN OFF REMAINING TRIGGERS

8-104
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N

T0S 9

TRA24

ON

OFF

TRG1
TRG2

TRG3

-
x
[y
J.

TRGS
TRG6
TRG7
TRGB
TRG9
TRG10
ETRG
EMARK

IX1
X2

LXA
LXA
TRA
ENTRY
AXT
LXA
LXA
LXA
TRA
ENTRY
CALE
ENTRY
SAVE
CLA®
ALS
PAC
CLA
ssp
STO
RETURN :
CALL
ENTRY
SAVE
CLAs
ALS
PAC
CLA
SSp
CHS
STO
RETURN
CLA
TRA
CLA
TRA
CLA
TRA
CLA
TRA
CLA
TRA
CLA
TRA
CLA
TRA
CLA
TRA
CLA
TRA
CLA
STO=
CLA
TRA
CLA
TRA
PLE
PLE

23 SEPT 64

IX1,4
I1X242
1v4
TRAl4
0,0
Ix"'!t
IX1,11
IX2,2
2,4
TRA24
ON(NOTRG)
ON
14244
3.4

1
wngl

TRG-2,1

TRG-2,1
ON
OFF(NOTRG)
OFF

14244

3,4

1

=%y1

TRG-24s1

TRG-2,.1
OFF

8-105
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IX4

ADER
AINV
NRTN
NTRG

PLZE
PLE
PLE
PLE
PZE
END

23 SEPT 64

DER1,0,DER2

8-106
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T0S 9 23 SEPT 64 ATM1

SIBMAP ATM1
REM . S. STANDARD ATMUOSPHERE , 1962
L] J<MALTAIS RAYTHEON
REM
REM
REM
REM
EXTERN ALOG
EXTERN EXP
EXTERN SQRT
ENTRY ATM
ATM SAVE 19244
TXI #4+1,y44-2
LDQn 1.4

®

FMP
STO
CLA
PAC
LXA
CLA
CAS
TRA
TRA
TRA
STz
STz
ST2
TRA
CAS
TRA
TRA
REM
REM
REM
FAD
STQ
CLA
FDP
FMP
STO
CAS
X1
X1
FsB
ST0
LDQ
FMP
STO
REM
LDQ
FMpP
FAD
ST0
REM
REM
REM
LOQ

FTKM
F A
244
e, 2
ALTM, 1
F A
ALTM+22
#4+3
2374
#4.5
0,2
1,2
292
FIN
ALTM+9
DVER9Q
s+1

CONVERT ‘ALTITUDE TO KILOMETERS

GEOMETRIC -ALT GR(TO0KM)
GEOMETRIC ALT=(700KM)

GEOMETRIC ALY GR{90KM)
GEOMETRIC ALT={90KM)

COMPUTE GEOPOTENTIAL ALTITUDE

RE

TEMP

4

TEMP

RE

H
ALTM+1,1
=19 1e~1
’“thy-l
ALTM,.1
TEMP+]
MOVR:
GZERO
TEMP+2

TEMP+]
LMyl
TMK,.1
™

(RE+1)

(H-HB)

{GO=NO/R)

LOMPUTE SPEED OF SOUND

R,

8-107



T0S 9 23 SEPT 64 ATM1 02

FMP GMUOVR
STO ARG
CALE SQRT{ARG)
STO 242
REM
REM COMPUTE PRESSURE FOR ALTITUDES LESS THAN 90KM
REM
CLA M.l
TZE Al
LDQ LM, 1
FMP TEMP+1
FAD TMK,.l
FDP TMK,.1
STQ TEMP
CALL ALOG(TEMP)
FOP £M,1
TRA #+3
Al CLA TEMP+1
FDP TMK,.l
FMP TEMP+2
CHS
FAD L0G.Payl
SAME STO ARG
CALLE EXP{ARG)
STO TEMP
LDQ TEMP
FMP PCONF
sSTO 042
REM
REM COMPUTE DENSITY
REM
CLA TEMP
FOP TM™
FMP MOVR
STO TEMP
LDQ TEMP
FMP DCONF
STO 1,2
CLA RE
FAD 1
STO 28
TSX GETG.4
STO TEMP
LDQ TEMP
FMP NCONF
STO TEMP
CLA 1.2
FDP TEMP
STQ 1,2
REM
FIN RETURN ATM
REM
REM
OVER90O CAS ALTM+10,1
TXI #=1,1,-1
TXI #-2,1,-1
FSB ALTM+9,1
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T0S 9

GETS

STO
REM
LDQ
FMP
FAD
STO
REM
CLA
FAD
STO
CLA
FDP
STQ
CLA
STO
REM
TSX
FDP
STQ
CLA
FDP
ST\Q
CLA
FAD
STO
CLA
FAD
STO
TSX
FDP
STQ
CLA
ADD
FAD
STO
CLA
FAD

o,
S8 U

CLA
FAD
STO
TSX
FOP
sTQ
CLA
FAD
FDP
FMP
FDP
FMP
CHS
FAD
TRA
REM
REM
LDQ
FMP

23 SEPT 64
TEMP+1 (Z-28)

TEMP+1
£ M+8,1
TMK+9,1
™

ALTM+9,1

RE

8B

TMK+9,1

LM+8,.1

TEMP
=883.99
242

GETG 4
TEMP
TEMP+2
TEMP+1
FL2
TEMP +4
TEMP+4
8

8
TEMP
TEMP+4
TEMP+3
BETG. 4
TEMP+3
TEMP+3
TEMP+3
c2
TEMP+2
TEMP+2
1B
TEMP+4
ib
TEMP
TEMP+]
TEMP+3
GETGe O
TEMP+3
TEMP+3
TEMP+43
TEMP+2
FL3
TEMP+4
LN48,1
MAvR

LOG.P.#9,1
SAME

6CON2
8
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ALTM

TMK

LM

LOG.P.

DCONF
PCONG
VCONE
FTKM
GZERO
MOVR

ST0
CLA
FDOP
STQ
FMP
ST0
LDQ
FMP
STO
L0Q
FMP
FAD
STO
CLA
FOP
FMP
FOP
STQ
CLA
FSB
TRA
REM
REM
REM
D&C
DEC
DEC
REM
REM
REM
DEC
DEC
DEC
DEC
DEC
REM
REM
REM
DEC
DEC
REM
REM
REM
DEC
D&C
DEC
DEC
DEC
DEC
REM
REM
DEC
DEC
DEC
DEC
DEC
DEC

23 SEPT 64

TEMP+S
RE

1B
TEMP+6
TEMP+6
TEMP+6
J
GCON1
TEMP+T
TEMP+6
TEMP+7
FL1
TEMP+6
GM

ZB
TEMP+6
18
TEMP+6
TEMP+6
TEMP+5
le4

ALTITUDE IN KILOMETERS

0e911e9200932e3472352.961e979.988.75
90.9100.911049120¢4150491604.45170.,190.,230.
3000'4003m500.)6000'1000

MOLECULAR SCALE TEMPERATURE (DEGREES KELVIN)

288.159216.659.216.659228.6532T70.659270.65:252465
1800651180.65
1800651210-65”260.65,360365'960.65'1110065.1210.65
1350.6591550.65,1830.6592160.65¢2420.65,2590.65
2700.65

GRADIENT ... (DEGREES KELVIN}/KILOMETER

P6-5y00'10'2.8)0.'“20"4010.
3015510042009 15¢110c97015e94093e392e6316791.1

LOG(PRESS) IN NEWTON/METER#22

11.526088,.10.027120,8.6079238,6.76620784+4.7086739
4.07754594.2.9019652, .3700668TE~-1,-.18055744E1
~e18055T744E1,-3.5040611+,-4.91k24566,-5.9828220
~7.5886380,-7.9035492,-8.1833674,-8.6884560
~9.5726885,-10.879634,-12.421645,~-13.724117
~14.879663,~15.942631

6.R427T7551€E~-5

2.08854676€-2

3.2808399

3.048E-4

9.80665 M/SECex2
348367
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T0S 9

GMOVR DEC
RE O&C
GM DEC
J DEC
GCON1 DEC
GCON2 DEC
r 4
A
H
™
8
F.001 DEC
FL1 DEC
FL2 DEC
FL3 DEC
c2 ocy
TEMP BSS
ARG PLE
END

23 SEPT 64

4325.74681
6378.178
3.98622156E8
1.6234950€E~3
48994698
2.67T65661E~-7

=001

1.

2e

3e
2000000000
8

(38 (SIN(PSI))®®2 — 1)
(OMEGA##2) # (COS (PSI ) ) ¥#2

GEOMETRIC ALT

GEOPOTENTIAL ALY

MOLECULAR SCALE TEMPERATURE
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708 9

$IBMAP BLN1

E
]

BILIN

BLNL

BLN2

8LN3

CALE
ENTRY
SAVE
CLA
STA
ADD
STA
CLA
STA
ADD
STA
CLA
STO+
AXT
CLA»
CAS»
TRA
TRA
TX1
CAS»
TRA
TRA
X1
CLA»
FSBe
STO0
CLA®
FSB»
FOP
STQ
SXA
LAC
SXA

CLA
CAS
TRA
TRA
ST2Z
CLA
STOs
TRA
CAS
TRA
TRA
TRA
CLA
STO
CLA
STQOs
X1
CLAs
CAS»
TRA
TRA

23 SEPT 64

BIVARIATE LINEAR INTERPOLATION

BILIN({NERR X+ XTAB,Y,YTAB,21,Z1TAB,Z2,22TAB,ETC.)

BILIN
1:2:%
514
XTAB
=1
XTAB+1
Te4
YTAB
=1
YTAB+1
=]

3.4
0:1
XTAB+1
XTAB
a+3
®+2
BLN1,1,1
4y 4
BLN1
BLN1
2~841,-1
XTAB+1
XTAB
TEMP
e &4
XTAB
TEMP
DELX
NXes1l
NX,2
NX,2

NORMAL RETURN INDICATOR

XTABLE LOOK up

OFF TABLE DETERMINATION

DELX
==0.0
BLN2
BLNZ2
DELX
=2
3,4
BLN3
=1.0
*+3
BLN3
BLN3
=1.0
DELX
=3
3¢ 4
#+ly1,-1
XTAB+1
XTAB
*#=3
—4

X LOW

X HIGH

NO. OF VALUES IN X TABLE
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T0S 9

BLN4

BLNS

BLN6

BLN7

SXA
LAG
X1
SXA
AXT
CLAs
CAS+
TRA
TRA
TXI
CAS+»
TRA
TRA
X1
CLA»
FSBe
STO
CLA=
FSBe
FDP
$TQ
SXA
LAC
SXA

CLA
CAS
TRA
TRA
St12
CLA
STO»
TRA
CAS
TRA
TRA
TRA
CLA
STO
CLA
STO+»
LDQ
MPY
STQ
CLA
ANA
TNZ
CLA
STA
ADD
STA
CLA
ADD
PAC
CLA®
STO
CLA»

23 SEPT 64

NXTAB,1
NXTAB .2
#+142,1
NXTAB,2
0,1
YTAB+1
YTAB
=43

%42
BLN4, 1,1
Ge 4
BLN4
BLN4
#=84y1s~1
YTAB#1
YTAB
TEMP
6:4
YTAB
TEMP
DELY
NY, 1
NY 2
NY, 2

Y TABLE LOOK upP

OFF TABLE DETERMINATION

DELY
=-0.0
BLNS
BLNS
DELY
=4
344
BLN6
=1.0
#43
BLNG6
BLN6
=1.0
DELY
=5
3,4
NXTAB
NY
NXNY
8y 4
=0TTTTT7000000
BLNS
9,4
ITAB
=1
ITAB+1
NXNY
NX
an,y ]l
ITAB
1
ITAB+1

Y LOW

Y HIGH
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T0S 9

BLNS
XTAB

YTASB
LTAB

TEMP
DELX
DELY
NX
NY
NXTAB
NXNY
Z1
12
13
4
12

STO
CLA
ADD
ADD
PAC
CLAs
S10
CLAs
STO
CLA
FSB
STO
LDQ
FMP
FAD
STO
CLA
FSB
STO
LDQ
FMP
FAD
FSB
STO
LDQ
FMP
FAD
STO+=
™XI
RETURN
PLE
PZE
PZE
PZE
PLE
PZE
PLE
PZE
PLE
PZE
PZE
PZE
PLE
PZE
PLE
PZE
PLE
PZE
END

23 SEPT 64

Z2
NXNY
NX
NXTAB
%y ]
ITAB
13
ITAB+1
14

2

1
TEMP
TEMP
DELX
21
212
14

13
TEMP
TEMP
DELX
13
212
TEMP
TEMP
DELY
212
8y 4
BLN-,'[’"Z
BILIN
ae, 1
L1 3 |
e, ]
e,
wa, ]l
#8441
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$IBMAP
e

MULG

M1

M2

M3

0K

LOW

HIGH

M7

M9

LIN1

ENTRY
SAVE
CLA
STA
LAC
X1
SXD
CLA
STA
ADD
STA
LXA
CLA»
CASs
TRA
TRA
X1
CASs
TRA
TRA
X1
TXH
X1
CLAs
FSBs
STO0
CLA»
FSBe
sSTO
TLE
TMI
CAS
TRA
NOP
FDP
STQ
CLA
STOw
TRA
CLA
STO»
ST12
TRA
CLA
STO»
CLA
ST0
TXI
CLA
ANA
TLE
RETURN
CLA
STA
ADD

23 SEPT 64

//

~

CALL MULGUNDEP,

MULG

1

3+4

41
%,]
".‘1':1’~1
M2,1
624
XTAB
=1835
XTAB1
=0835,.1
XTAB1
XTAB
=43

4+ 2
M3,1,1
5,4

M3

M3
24157191
Mlylonw
#+1,1,1
XTAB1
XTAB

D

5.4
XTAB
DELTA
*42

LOW

D

HIGH

D
DELTA
=1B35
4y4
M7
=2835
Gy
DELTA
M7
=3835
by 4
=1.0
DELTA
#4119 496
1,4
=077777T7000000
M9
MULG
2y 4
YTAB
=1835

o I )
7 ?
: LINL 01 A
NERR ; Xy XTAB Y1, Y1TAB,ETC.) -
v i
NDEP ~
)
IX1=-NDEP -
&
)
I
XTAB+1,1 %
XTABs1
XTAB LESS THAN XTAB+1 \
XTAB EQUALS XTAB+1 S
XTAB GREATER THAN XTAB+1
X
X LESS THAN XTAB+1 &
X EQUALS XTAB+l
X GREATER THAN XTAB+1 .
TXH Ml.1,—-NDEP+1 -
XTAB+1l,1
XTAB,1 o
X
XTAB,1 o
o
)
D
~~
D |
™
™
PIE Y 5
~
oy
8-115
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M8

DELTA
XTA8
XTAB1
YTA8
YTAB1

STA
CLA=
FSBw
ST0
LDQ
FMP
FADs
STO»
TX1I
PlE
PZE
PZE
PLE
PZE
PLE
END

23 SEPT 64

YTAB1
YTAB1
YTAB

D

D

DELTA
YTAB

Iy &4
MT+14494~2

XTAB, 1
XTAB+1,1
YTAB,1
YTAB+1,1

YTAB+1
YTAB

YTAB

8-116

LIN1

o2

2

o DD

D)




! RAYTHEON !

| Selinas- |
I

Appendix I

MARK INTEGRATION ROUTINE

IDENTIFICATION
MARK: Adams-Moulton, Runge-Kutta Integrator
Donald E. Richardson, George Gianopulos, 2/19/62
Jet Propulsion Laboratory
IBM 7090 - FAP

ABSTRACT

MARK is a closed subroutine designed to solve the first n of
a set, N, of first order differential equations simultaneously
utilizing Adams-Moulton open or open and closed formula types.
A Runge-Kutta 4th order integrator is used as a starting routine
to generate backward differences initially. Provision is made
for interrupting the integration process at specified values
of either the independent or the dependent variables. The order
of differences (m) used in the Adams-Moulton mode is less than
or equal to nine (9). (m=9)
RESTRICTIONS

1. MARK will not integrate backwards in the independent

variable. The nominal step-size, H, must be positive. Changes
in H must be accomplished by the use of a "doubling'" or "halving"
procedure in MARK that will double (set H = 2H) or halve (set H =
0.5H) the integration step size.

2. Underflow and overflow are not checked internally.

3. The user must provide the necessary interruption sub-
routines, an auxiliary program to evaluate the n first order
derivatives, and a bank of storage for internal calculations.

4. This is a FAP program and is not FORTRAN compatible.
METHOD

1. MARK permits the user to solve the N differential
equations by one of three options:

a. Runge-Kutta 4th order
b. Adams-Moulton with a fixed step size, H, and the
ability to alter H by the doubling and/or halving

procedure using Runge-Kutta to initially generate

1-1



| RAYTHEON y

2,

Bot

u
1I

backward differences. This applies either a

predictor or a predictor with ¢ corrections (open

or open/closed type formulas),

Adams-Moulton as mentioned in b using an automatic
variable step size control. Halving and doubling

are controlled automatically. The correction formula
is applied only once. These methods will be described
in further detail in Appendix A.

h the independent and the dependent variables are

automatically carried internally in partial double precision to

control round-off error locally. The user, however, will re-

cognize the variables only as single precision quantities. How-

ever, the user may carry the independent variable in full double

precision by option,

USAGE
1.

Cal
CAL
PZE
PZE
ERR
Pfx
PZE
Pfx
PZE

o
°

Pfx
PZE
PZE

whe

ling Sequence:
L. MARK or TSX $MARK, 4
HBANK, P ,EOS
DER1, &, DER2
OR RETURN
B1,,Y1
Z1
B2, ,Y2
Z2

BJ,,YJ
zJ
0]

re the symbols are defined as follows:

HBANK - The location of a bank of storage to be described below.

0 - The independent variable is carried in partial double

P

pre

cision (single precision to the user).

1 - The independent variable is carried in full double

pre

cision
1-2
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EOS - The location of a user "end of step" routine. This
routine must terminate with a TRA 1,4 command. It is
used to evaluate variables that are needed only after
a Egll integration step is completed,

DER1 - The location of the entry to the user's derivative
routine that carries out all calculations that involve
the independent variable. This routine must terminate
with a TRA 1,4 command,

DER2 - The location of the entry to that portion of the user's

derivative routine that carries out all calculations
that do not involve the independent variable but are
required to evaluate the derivatives.

A simple example of the use of DER1l, DER2 follows:
Suppose we are to solve:

ﬂ: axz + by

dx
Then: DER1 ax2
— — -
| DER2 by |
| dy |
| =
, TRA 1,4 ,

Thus the DER1 entry calculates the extra term involving the
independent variable x. This provides a saving of real machine
time, particularly during the Runge-Kutta phase of integration,
but also saves machine time when the closed type formula is used
with Adams-Moulton integration.

0 - Adams-Moulton integration with fixed step size
d 2 - Runge-Kutta integration only

4 - Adams-Moulton using automatic variable step size control

The pairs of locations in the calling sequence specified as:

Pfx BJ,,YJ are defined as "triggers".
PZE ZJ
These triggers are the linkage control to the user's in-

terruption subroutines., The triggers state that control is

I-3
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transferred to location BJ when the contents of location YJ are
equal to the contents of location ZJ. Thus BJ is the location
of a user's interruption subroutine, YJ is the location of a
variable being checked, and ZJ is the location that contains
the desired value for YJ.

Triggers are separated into two (2) classes:

1. Independent variable triggers, called T-stops, These
triggers interrupt on values of the independent variable of
integration. All T-stops must have YJ = 0, That is, they must
have the following format in the calling sequence:

Pfx BJ
PZE Yy

The logic used to execute T-stops is as follows:

Let t t
s

1’ tsor ts3’°°°°°tsk be a set of values of the in-

dependent variable for which

interruptions are desired.

MARK sets tm = Min <tsl’ tszy,,,.., tsk>

Integration continues normally until the independent variable
reaches the condition:
<
= +
ty< tm tn 1

The step size is set = (t - tm) and integration is carried

to tm where all the valueg+6; the variables including deriva-
tives and end of step values are calculated and control is then
transferred to the user's corresponding interruption subroutine.
After confrol is returned from the user's interuption routine,

all values are reset to station t and the next tm is

determined. If no other tm existgf;ithin this step, integration
continues. Thus, interruption routines for all t within a given
step are executed before integration continues. There is no
limitation on the number of T-stops permitted (except for machine
size, of course).

2. Dependent variable triggers, called Y-stops. These
triggers are interrogated at the beginning of an integration

step and a value
I-4
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1. =y -y,
J n J

is calculated and saved for each of the j Y-stops. At the end of

the integration step the difference

r.=1y -Yy.
J n+1 J
is calculated and the algebraic sign of r‘j is compared to lj:

If 1, 55 sgn r.,
sgn Jyég 3

then the condition y = yj has occurred within the integration
step and a linear interpolation search procedure is executed to

determine the value of the independent variable, t, such that y

zyjq When the A t calculated by the search procedure is such
that 2—26Max IH’ t‘n +1 |for P = 0O
| A t‘s BU where BU = ~49
2 ""Max |H, ty 41 |for P= 1

then convergence to tj is assured. At this point all values of
the dependent variable including their respective derivatives
and any end of step calculations are determined and control for
the corresponding Y-stop is returned to the user's interruption
routine., If more than one Y-stop trigger occurs within an in-
tegration step, then the triggers are executed in the order of
the smallest value of the independent variable determined for
the respective Y-stops. Thus, the order of execution is de-
termined by the independent variable. After all Y-stops within
an integration step have been determined and executed, the
conditions at station tﬂ+1 are restored for all dependent
variables and their derivatives and end of step calculations,
if any. Integration then continues normally.

Up to and including fifty (50) dependent variable triggers
are permitted. However, this number may be altered by changing
the symbolic card "OMAR EQU 50" in the symbolic program deck to
the desired number.

It remains to define Pfx of the trigger pair. This is
utilized to permit the user to render triggers '"active" or
“"inactive™, Active means that a trigger is to be interrogated
and executed if necessary. Inactive means that the trigger is

to be ignored.
I-5
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Thus, if: PZE - trigger is active

Pfx =
MZE - trigger is inactive
The interruption routines provided by the user must
terminate with either a TRA 1,4 command or a TRA 2,4 command,
TRA 1,4 is used when the interruption does not constitute
a discontinuity in any of the calculations.

TRA 2,4 is used when a discontinuity exists, Under this
condition a '"restart" procedure is instigated by
MARK by continuing beyond the discontinuity point
using Runge-Kutta until a sufficient number of
backward differences are determined to switch to
Adams-Moulton integration.

Comments on triggers:

1. There is no limitation on how many times a trigger may
be executed.

2. Care must be exercised in updating the ZJ of triggers.
If the ZJ are not updated after a trigger returns control to the
user, a machine loop will result, since MARK will continue to
return control to the user's respective interruption routine
on the basis of the current ZJ. Thus, a trigger must either be
updated or rendered inactive to prevent looping.

3. 1In all cases where more than one trigger is to be
executed at a single point (tj) the triggers will be executed
in order of their ascending appearance in the calling sequence.

" 4, Control is returned to the error return of the calling
sequence whenever t < (1:,7 -9,)
or when the number of Y-stops exceeds 50.
The entire list of triggers must be terminated with
PZE O
This is the end of the calling sequence for MARK.

The bank of storage specified by the location HBANK is as follows:
PZE m
PZE NH
PZE ND

HBANK DEC H
I-6
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PZE N,,n
DEC t
DEC t
DEC Yq
DEC

DEC y

DEC

DEC yl'
DEC yz'

1
I,
{3N + 2N (m + 1) for &=0,2

DEC

BSS
5N + 3N (m + 2) for &4

order of differences to be carried in the Adams Moulton
mode. m < 9 (fixed point in the address portion of the
&= 0,

number of times to sequentially halve the step size

word) for
in the Adams-Moulton mode. (fixed point in the address
portion of the word.)

number of times to sequentially double the step size

in the Adams-Moulton mode. {(fixed point in the address

portion of the word.)
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NOTE 1:

NH takes precedence over ND and doubling is not executed
until the number of times to halve is completed. If
these numbers are introduced initially in the HBANK,
the procedure is commenced automatically when con-
version from Runge-Kutta to Adamx-Moulton is completed,
NH and ND are ignored when using the automatic variable
step-size mode. NH and ND may be set by dependent
variable or independent variable interruption routines
in the Adams-Moulton fixed mode. Anytime control is
returned to the user through an interruption routine
the number of times halving and/or doubling have/has
been completed is available in the decrement portion

of NH and/or ND. If additional halving and/or doubling
requests are entered in the address portions of NH and/
or ND before a preceeding request is completed, the sum
of the additional request and those remaining uncompleted
will be executed.

nominal step-size (floating point)

total number of 1lst order differential equations,
(fixed point)

total number of the first n 1lst order differential eq-
uations to be integrated by MARK. n < N (fixed point)
NOTE 2:

H and N must not be altered unless a restart procedure
is executed after the initial entry to MARK. n may be
altered after the initial entry to MARK through an
interruption routine. If n is increased, MARK restarts.
Care should be exercised in setting the initial condi-
tions corresponding to the additional equations to be
integrated. If n is decreased, MARK continues normally
integrating the new n set of differential equatiomns.
single precision value of the independent variable in
floating point.

second precision value of the independent variable in
floating point. This must be zero initially if P= O

I-8
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(single precision).

Yq to YN Values of the N differential equations for the
dependent variables. The initial or starting
values must be predetermined and set by the user.
(floating point)

y1 to yN' Values of the derivatives of the dependent variables

calculated and stored by the user's derivative
routine (DER1l, DER2). An initial pass is executed
through DER1, DER2, and EOS by MARK before the

integration porcess is commenced. (floating point)

ENTRY POINTS

Provision is made through entry points to MARK to transmit
certain information to MARK or to render certain information
available to the user that is stored internally in MARK:

HC By using the command

CLA* $HC
the user has direct access to the current step-size
being used in the integration process. This is not
necessarily the nominal step-size, H, introduced by
the user in the HBANK (floating point).

NI By using the command

STO* $N1I
the user informs MARK that he desires i corrections
to be performed on the predictor formula used in the
Adams-Moulton fixed mode of integration. See Appendix
A for descriptions of the predictor-corrector formulas
being used. In the automatic step-size control mode
i is automatically 1, and MARK ignores NI. Thus 1
correction is made for each prediction in this mode
(fixed point).
TGLO By using the command
.~ CLA*  $TGLO

I-9
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the user has direct access to the most recent ty +1
calculated, where tn4_1 represents the value of the
independent variable at the end of an integration step
(floating point).
Y The command
CLA* $Y
gives the user access to the location of the dependent
variables (single precision) in the HBANK. This
appears as L(Y),l1 where index register 1 set to n and
counted down renders all the variables to the user
(floating point).
YDOT The command
CLAX* $YDOT
performs the same function as Y for the derivatiwes
of the dependent variables (floating point).
Y(2) The command
CLAX* $Y (2)
renders the location of the second precision part of
the dependent variables available to the user (float-
ing point)
YO The commands
Y0(2) CLA*  $YO
CLA* $Y0(2)
render the locations of the single and double precision
values of the dependent variables at tn available to the
user. tn represents the value of the independent
variable at the beginning of an integration step
(floating point).
The following symbols refer to entry points used
for the automatic step-size mode. See Appendix A.
EUBAR The command
STO* $EUBAR
stores E for use in automatic error control (floating

point) .
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ELBAR The command
STO* $ELBAR

stores E in floating point for use with AEC.

HMAXT
STO* $HMAXT
stores maximum allowable H for AEC (automatic error
control) (floating point).
HMINT
STO* $HMINT
stores minimum allowable H for AEC in floating point.
YCLOW
STO* $YCLOW
stores Y for AEC in floating point.
RGERR
CLA* $RGERR
permits access to the maximum Eﬂ +1 for the user
in floating point.
NOTE: EUBAR through YCLOW are consecutive locations
in MARK.
SPACE REQUIRED
MARK required 3453, = 1835 storage locations. No COMMON

8 10
is required. The user must supply 5N + 7 + 2N (m + 1) storage

locations for & =0, 2 or 7N + 7 + 3N (m + 2) for & =4, N =
maximum number of differential equations; m = order of differ-
ences to be carried in the Adams-Moulton mode, & =0, 2 is
for Runge-Kutta integration or for Adams-Moulton integration
in the fixed mode. Also, whatever storage is required for the
user's derivative box and trigger control must be supplied.

CODING INFORMATION
Timing: MARK will do approximately forty (40) integration

intervals per second. (this time was obtained from solving a

set of 14 first order differential equations)
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CHECKOUT

MARK has been checked out rather extensively using a variety of pro-

grams at the Jet Propulsion Laboratory. These programs include the JPL
tracking program, a low thrust trajectory program, and a program of a general
nature that solves a system of differential equations starting with five (5) equa-
tions, repeating these five (5) and adding sets of five (5) with repetition until a

maximum of thirty (30) equations have been reached and integrated.

APPENDIX A

1. The classical Runge-Kutta 4th order equations.
Let the system of equations to be solved be in the form

Y3 - fj(t'Yﬂ’?_' cery)) o= L2 . N

Let Yj n be the value of yJ att = tn and f. be the derivative of

’

Yj att = tn. Let h be the step-size of the independent variable t.

Then

K, =hi{ (t,v.

1 i e Yy, )
K,=hf (t +1/2h,y. + K

Jn 1 —Z—)

K,=hf (¢t +1/2h, y. + 52

3 i'm hn o =)
K,=hf. (t +Aat,y. +K

4 J(n Yiim 3)

. = + 1/6 (K 2 + 2 K
Yiome 1 =Y,n * /6K + 2K, + 2K + K

2. The Adams-Moulton predictor-corrector equations:

Let yj, y3 be defined as above. Then

p = o] 1 '
yJ.TI+ 1 Yj,n * h(a‘ov + alV t ...t ame) Yj (open type)

where Vis a backward difference operator operating on y3. n where

O
vy! =y!
YJ:n YJ’T’

I-12




The predictor coefficients a

o oY o PP
O 00 N0 N W= 0O
i

)

1P

.0

5

. 416666666
. 375

. 348611111

. 329861111

. 315591936
. 304224539
. 294868003
. 2870754484

© O O O © O O O O =

) =f (t, v.
Vi +1 =it vy

1

Tiim+ 1 T Yin

where Vis defined as above, 1 is the first

the corrector coefficients bm

b =

o o T o
w» W= O

NOTE: b

1.0

-0.5
-0.0833333333
-0.0416666666
+0.0263888888

=a

continuing
2

Yiom+ 1 Yj,q

Y5, n+

where o =

U

a
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are;

are:

m

o T T T U
[ BN B AN 0 ]

el

+h(boV°+b1V1+..

P (closed
LB Y5,n+ 1 type)

corrector application, and

-0.01875

-0.0142691795
-0.0113673950
-0.0093565362
-0.0078925543

o} Jd
+h(b0V+b1Vl+. . +me )y,j.n+1

(i+1)_ (1) (i)
1 “Yin+1 FROE
m (i)
= (1) (i-1)

€ = -y!
£=0 bm’ Y_'j,n+1 Y_j,n+l

13
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i is the i th correction on the predictor formula.

3. The formula for interpolation to interruption on a dependent variable

in the Adams-Moulton mode is:

= - q |u :t -t =
q; = (-1) |J~lwhereu n+ 1% =0

C
(u-1)(u-2)... (p-j)

and|j|=. S y 3=l ¢ ooy m

J
c.=b, + = .b..,j =1,. .., m:b, = corrector coefficients
J J . Y j-i’ ) .

i=0 described in 2 above.

)

d, = c, v’ j=1,...,m
] j

M 3
[o N

Y =Y —h (y‘ + . »Q=1,uco’n
2:“ [] ' M + 1 2 _Q’n+ 1 j=1 )

See Figure I-1,

4, The formula for interpolation to halve the step-size (H), dropping the

subscript j, is as follows:

m
z (m)
y'(t) = q (n) y' (t )
k=0 % n-k
where
(m) _ 1 m )
U W= 7 (i+p
i=1
_t=tn-n£h, n =1, 2, .. .; 221/2,1/3,...
u=tn-n£h-tn =-n{. Letﬁ=%—then
h
p=- %-n where n represents the absolute value of the subscript

of t in Figure I-2.

I-14
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1I
y " Vi Yn+1
l I
tﬂ tu tn+1 t
Figure I-1
y'(t_,)
yl :(t -2 Y'(t’n—l) Yl(z_l) '
y (‘/ N(tn)
/l | I\
I
I [
T, ty.2 t, tpo 1 t t
Figure I-2
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In the program

. 1 m. = (4 + k)(m - k)
W= o GtMwandg 15 -94 I TrOmEes D

where k is the absolute value of the subscript of t in Figure I-2.

Automatic step-size control.

- p I
E o v 1 MAX Ay Y g 1|
A D,
where a
- m - c

A =lpr1| Pyt MAX l Vi + 1,X|
En F 1 represents the maximum error in any of the dependent variables
in the final iterate Yj n+ 1 due to truncation error in the step from tn
to tn + 1 The user, through the entry points, supplied MARK with a

set of values to be described as follows:

- upper bound on the truncation error E77 N

- lower bound on the truncation error ETI T

- maximum allowable value of the step-size.

= =

max
min " minimum allowable value of the step-size.
- a constant used to prevent unnecessary reduction in h

O
T g o

whenever is small. y > 0.

Yj,n + 1
The step-size, h, is doubled, left alone, or halved depending on the
following inequalities:
+ 17
to 2 h.
(2) If E< ETI

(1) If ET) =E for m successive steps, the step-size, h, is set

1 <E, the step-size, h, is left alone.

(3) If Eﬂ +1 > E, the step-size, h, is set = 1/2 h.
The program preserves all the conditions yj, A% ”T“ at tn and integrates
to t:77 1
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If (1) holds then MARK sets up the doubling procedure and integrates
m + 1 more steps checking that (1) holds at each step. If (1) holds, the doubling

procedure is completed and h = 2 h,

If (2) holds integration continues normally.

If (3) holds then MARK restoresy. , V .m+1 t , yt . It executes the
J: N J:+M, M )M

end of step box to restore those values at tn. Finally, the halving procedure is
executed and h = -lz h. Thus, it is never necessary on the basis of error control
to restart the integration procuedre in the Runge-Kutta mode. E is approximately
equivalent to specifying the number of significant figures to preserve locally

8

throughout the integration. E should normally range from 10 ° to 1073, y may

be determined by the user but should probably range from 10"5 to 1.

References:

Hildebrand, F. B., Introduction to Numerical Analysis, Chapter 6.
2. Ford, L.R., Differential Equations, Chapter 6.
Causey, R.L., Tobey Jean, RWDEZF, "Floating Point Adams-Moulton,

Runge-Kutta Integration.” The Ramo-Wooldridge Company, Los
Angles, California, February 10, 1958.
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APPENDIX II

EQUATIONS

*
A. 1Initial Values of Differential Equations of State

t = 0
u = VT051n yo
= \Y%
v TOcos yo cos Bo
\ = VTocos yo sin Bo
r = h + R(6 )
o) o
6 = 0
o
= 9
Q = 0
p, = 0
Py = 0
Pop = O
B. Differential Equations of State
Note: The state differential equations are integrated forward
in time from to = 0 until the terminal time T, defined by the
stopping condition Q@ = 0, is reached.
2
\Y pS V
du ‘H 2 . .
_— = == + -
3t - + rQe51n 6 + ZQew sin6 o ( uCD
2
L L JR T
e e f 2 r
— — - et — + ———
+ CL V_. cosgo) r2 r4 (1 3 cos 8) -

*See Section I of this Appendix for Glossary of Symbols.

I1-1
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d v 2cot 0 2
v _ _ W L WL T L rQ%o0os 8 sin 6
dt r e
p SV uv CL cosg w
o — W .
+ 2Qew cos o vCD + v + v CLVT sing
H H
2
5 .
. ueJRf cosB sinf . T_G
4 m
r
dw wu vw cot 8 .
Gt -~ ¢ ~ - ZQe(u sin 8 + v cos B )
pSVr j wu C. coso T
- I‘wC+ L —iCVsin0+£
2m v Vv L T m
H H
a |
dt
ae _ v
dt r
d¢ _ _ __w
dt r sin?f
dp dp dp
d9 a H OR | . . .
at at ' at _dt : See Section G of this Appendix

I1-2
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where , 1/2

V. = +

- (v w )

2 2 2 1/2

v = (u + v + w)

T

p = p(h) ., U.S. Standard Atmosphere, 1962
h = r - R(8)

2
R()= R - (R -R ) cos 6
e e p

C = C_(a, M, Stage No.) , input

L L

CD = CD (o, M, Stage No.) , input
M = VT/c

c = ¢(h) , U.S. Standard Atmosphere, 1962
m = m(t, Stage No.) , input
S = S (Stage No.) , input

y VHSinCICOS a (Vﬂ sin o\

e Ak RV el I

t T T / T Y

(VH cCos a Ccos o
+

v
VT T

I1-3
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v Ccos Q . w sing vVu COS O
v - s1inaga | v + vV ] TX
L Y ‘ H T 'H
vu sino_wcosa T
v \Y
Vp Vg H Y
v sina w sing vu cos o
- ————v + cos Q v v Vv TZ
T H T H
[w cos O . {v sinag wucos<5\;
i'v— + sinao ! v -V v 5 TX
T H T H L
+(vvcos o) N W\L; s\lfn o)
\
H T H Y
+lcos g | v_sin g _ wu_cos 0| _ wsina,
v vV_V ! \Y Tz
H T H - T 5
T cos i1 cos d
T T
T cos i_ sin &
T T
T sin i
T + (P - P A
SL ( e oo) e
P (h) , U.S. Standard Atmosphere, 1962
o0

I11-4
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A = St No.
o Ae (Stage No
lT = lT (Stage No.
) = §6_ (Stage No.

T T

)

)

)

T = T (t, Stage No.

—
IT
, input
, input
, lnput
) ., input

Additional Equations for Output

V2 JR2
E = m =z _ EQ e s ( L. cosze)
- 2 r 3 3
r
= 2
q P fo, /
" _ tan_l cos V sin W )
cos Vv cos W
y _ tan-l sin v s+n L, )
cos VvV sin W
* _ .
b = tan 1 Sin Y )
cos V sin |
* -1 ((si V+cos2 51n2 o
6 = tan &~ |W2ARLYFEOS VIIMB) 5 <5 < 180
| cCos VvV CCS
-1 = o) o
Y = tan 2 5 , =90 = vy =90
v + w
-1 \
e = tan (Y]
L = Sv2 c. /2
- P RVp Yy
D = sv2 c_ /2
- PPV tp

II-5
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where
/vo w vO
v si = sinf| —— ) - ; —b) - =2
cosv sinpy sin ar cos@ocos((bO ®) - 51n(¢o ®); - 51n60cose
{ Ho Ho / Ho

cosV cosy = sin@O sinf cos(¢o—¢) + coseo cosh

w w v
sinvy = sinf cos6b - sinb ( 2 cos® cos(p -¢p) + = sin(¢ -9)
o) .V e} e} \Y o
Ho . Ho Ho
D. Initial Values of Adjoint Differential Eguations

Note: A set of adjoint differential equations, as defined
in Section E of this Appendix, is integrated backward in
time from t = T to t = 0 for the pay-off function ¢ and for
each terminal constraint function wl, wz, . .. wp,
0O =p = 8. These sets of equations are distinguished by
their respective "initial" condition at t = T. The initial
conditions are defined here for the set of equations associ-
ated with &, or, to be consistent with the notation in Part I

of this report, with ®Q. The initial conditions for each ij

set of adjoints is defined in a similar manner.

Y » 2 20
dOu du  Jdu] t=T
N N T 's)
0]

Qv dv Q av‘tzT
A =i§9 - é é—}

DQw Ow  Q Ow, t=T

I1-6
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\ ® _$

dQr dr Q Or | t=T

A = /_a;b_g:)_ Q‘Q

06 oLz, Q 28] t=T

- |2 -3

QP o0d  Q O/ t=T

L e

01970) a0 Q 0Q| t=

. _ |2 _sa

®Op a;é Q0 Op/ t=T

A 30 & a0

ey - B

H Py A Pyl tor
o~ (2 32 |
®QPQD apQD 0 op t=T
where
d(t,u,vw r,9,¢,Q,pa,pH,pQD) is payoff function (or for
A , constraint function wj)

ek

Q(t,u v w,r,9,¢,Q,pa,pH, Yis stopping condition

Pob

b % du, 02dv 0Pdw o0 dr 0P d6
ot du dt ov dt dw dt = Oor dt J6 dt

0 ap d0ag 30 Pa 30 %Pu . 39 Pop
T3 at T at T opat T op. at T at
a H a6D

t=T
c_ [0, 0au Nav Naw, Ndr 204
@ = (8t+Budt+avdt+8wdt+8rdt+89dt
L, oas, wao, 0P, 0 P a0 o
+ + + + —==
X dt JQ dt apadt apH dt apQD dt

t=T

I1-7
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Partial derivatives are computed from the formula %ﬁ

f(x+h) - f(x-h)
2h )

The h's used for t,u,v,w,r,9,¢,Q,pa,pH, and Pop are 1,1, 1, 1,
50, .01, .01, 1, 1, 1, and 1 respectively.

E. Adjoint Differential Egquations

Note: This set of equations is integrated for each set of
initial conditions, as defined in Section D, to give the
corresponding adjoint solutions. The subscript 9Q, or ij
as appropriate, has been omitted from each A in the equa-

tions as presented here.

¢ _ ou ov ow of fel2} Jalo}
>\u ~ du Mt S) >\v‘*ﬁéa Xw T 3 Xr +-6u x@ * du K¢
op dp
an +_5_Ea Ao+ =2 2B,
T Ju du pa du pH  Jdu Pob
- _ 9d ov ow e fele} 03
>\v T dv xu v Xv v X 8v >\r * v Ao t ov X¢
. op op
e r s Qay, , _H, + —=0
ov dv “pa  ov “pH  dv p
QoD
S S dw L O 8 ol
>\w ~ dw K T 3w K T Sw x T 3w X * ow Mot ow X¢
op op dp

+ 90 A+ -2 X + S A + -2 A
ow w

aw Q

I1-8
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. _ a0 & ot o et) oy
Xr " Odr Xu T 3 Xv * or >Lw * or Xr M or XG * or X¢
. dp op op
+-a-gx P2+ =B+ 8B,
dr 'Q dr ’“pa dr pH Or P
QD
c _du, X o oy LI
Ao = o6 Xu T Y6 Xv T 36 Xw T 6 xr T 36 Xé¥89 X¢
: dp b 3p
F R, L2 P B
36 Q 06 “pa o6 pH = 06 P
QD
X =x.=X_ =X =X =0
¢ Q Pa pH pQD
where
3 s V.u cos ¢ BCL
du T 2m Vo (CL+M5M) - S Vg
7
_u +Mic_9)? L1
\Y% D M |, m u
T J
3 _ v s fuw o %0 | vess [,
du r 2m |V, |"D M | Vi | T
2 ac
u Ll uw sin ¢ (
+ (C + M 2C
Vo L MH Vg
PR 71 G ™
oM m Jdu

IT-9
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0
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ov
ov
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i ehilies"
IT1
w S { / aCD\ wW_Cos g
- = _ i - L2 S uw : + M \ +
r - 20, sin 8 - o I ¢ oM | v ‘L Vr
. T H
2 . . oT
L Y acLa _uvsing 2c + M aCL W i _ ¢
v L oM | v L amf m Ju
T H
= 1
_ % _
du 0
EEQ égﬂ apQD : See Section G of this Appendix
e ' 2u ' ou ¢ PP
. 2
2v S {v cos VH BCL !
L&Y k2 YOS 0 Ly = c. + M
r 2m \Y% L T \Y L dM
H T
- aC_ 1 1 aTr
uv ~DBy L _r
v CD + M OM | m v
T J
e
2 acC
u _ pS v ! D|
= -2 _ +— C_+ M=
r 2m °p Vo Vo ‘CD MBM}
\
u cos o (wz V2 { aCL
v 5 CL P v C_. + M M
H Y T
- H
| ac C vz\ AT
vw sin @ ' L L T 1
20, + M= - B e~
v . L oM 2 i m v
H VH-




] RAYTHEON !

L—_‘
IT
. ac
A w cot 6 pS Jvw D
- - 2 - AA —=
dv {1908 9 = on v, (CD R )
UV W Cos g {l (C +MaCL) _CL VT}
A\
- vT L oM V2
H
X 2 aocC T
_S\]}no' w2 C VgtV (ZC M 1 —ia
H v m oV
8 _ 1
v r
% _ ¥ _
v ov
_B_Q aPa apH apQD : See Section G of this Appendix
v ' v " dv ' dv * PP :
V2
du . 2w : pS /w cos o H
S + 29e51n 6 + om v CL VT + v (CL
H T !
acL H . ( BCD ) B 1 aTr
M oM ] - -V— CD + M oM * m Oow
J m J
. acC
ov 2 w cot @ pS ) vw D
3w - + 2Qe cos 6 - om VT (CD + M ™
UV W COS O 1 acL CL VT
* v v_ (CL M T T2
H T \Y/
9 H
2 ]
, sing MAL? v e +MaCL ‘+;6Te
\% 2 L oM m Oow
H vy ]

II-11
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. 2 oc
ow u v_cot 8 pS w D
-2 - CcoV_ o+ —
ow r r m ]CD T Vi, kD Y
(VZC v 2 ac \
,ucos o |_ L A {C M E
VH _v2 VT L oM
H -
ax
vw sin g L ¢ VT 1 EEQ
- 2 c.+ M - + =
v oM 2 m ow
H \Y4 t
H
s _ B
ow ow
% _ 1
ow r sin ©

30 b, 9Py Pop

: See Section G of this Appendix

Jw ' dw ' Ow ' oD
2
. \Y [ aC
u _ _ _H 125 . S dp _pMdc _p
x T2 7 o 810 0% on ™2 Span "¢ an om
ac 2n
o dp _ pM dc __L_}J,_.s
P Vg Vp s 9 S gn T ¢ an om | 3
, .
) 4u JRL a - cosze) L1 BTr
5 m Or
r
v 2 t o 2
& - B ¥ eoRd + 8 sinB cos?H
or 2 2 e
r r
r ac
_8 i,y g Sp_peMdc D
2m | T D dh ¢ dh oM
| 2 |
. uvV,_coso . wv,, sino (c dp _ pM dec BCL.
h h oM
VH2 vV L d c d |
8 JREcosO sin 1 BTG
r5 m Or
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IT
ow uw . vw cotf S ] : dp
or 2 T 2 2m ? WVT CD dh
r r ! ;
2 .
p_M(_iEBCDE-'_irquTcosc VVTSan\;;CQQ_
- dh oM | ‘\ - l
c oM | ‘ Vi Vg J L dh
oM oae L) 1Y%
c dh oM | | m Or
or
or 0
8 _ v
or 2
r
% _ __w
or .
r sin ]
5_(,:2 % E}i{' apQD : See Section G of this Appendix
dr ' dr ' or ' or : PP :
2
. 6. JR
2
’@E 20 r cos O sin 6 + 200 w cos B8 - e £ sin 0 cos O
06 e e r4
-5 iy e e _ gM.Qs.éSQ
2m \ T D dh c d M
3¢\ ]
dp _ pM dc L ' dr
+ .
Vg Vp €% 0 1€ 9y T ¢ ah oM || ae
1%
m oOr deo
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2 2
v + 0°r (cos®6 - sin®6) - 20 w sin®
. e e
r sin 6
2u JRE 2 2 s 7 (4
—E_ L - ai 2_ ap
+ r4 (cos 6 sin 8) + o (VVT 'CD ah
i . 2 1 N
omac O WWVg€oso  wVpsino. g,
" ¢ dh oM * v * v “uan
H H
) -
Cmae %47 a1 %% ar
cdh M| 46 m Or d6
vw } S r {
- 20 u cos 6 + 200 v sin 6 + E— wV_ IC
r sin“g e e m T
2
c .
oM de ol D ‘ , !quTcoscf i vV sin o {C dp
h
c¢ dh oM Vi Vi L dh
o Crael ar 1% ar
c OM dh d6 m Oor dé
b
36 0
W cot 6
r sin @
op apH aﬁQD
3 ' 98 ' 38 : See Section G of this Appendix
% _ o _ % _ W _ % _
o A¢ d¢ o o
apH apH apQD : S Secti G of this Appendix
3 ' o0 ' o : ee Section o) i PP
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and where:

aT

“r
du

oT
dv

AT

u
II

2
A\ uv,

H . H . .
—— (T cos a - T sinqa) - — (T cosogsina-T sing
v3 X Z V3 % v

T T
+ TZ Ccos g cos Q)

v VVH
- (T cosa-T sina) - —— (T cos o sin o - T sing
V3 pld z v3 b4 Yy
T T
+ TZ cos 0 cos a)
wVH
- (T cos a - T sina) - —== (T cosogsino-T sino
V3 X z V3 X y
T T
+ TZ COsS ¢ cos Q)
u2
- E% (T cos oo — T sin a) + 3 \4 (T cos o sina -T sina
v X z Ve v X vy
T T H

+ Tz CoSs 0 COs Q)

ov

2 2
u_tw (T cos a - T sin a) + AALA (T sinosina+ T coso
3 X z 3 X Yy
Vv \Y)
T H
2 2,2 2.1
(Vv )" - v (V, + V),
. H T H T .
+ TZ sing cosa) - u 3 (?x cos g sina
(v, V)

H T

- T sin g + T cosS G COS Q)
Yy Z

I1-15



] RAYTHEON y

L—.‘
II
T
_a_i - ww ; W . :
e © T 3 (T, cos a - T_ sin a) + (T sino sina +T coso
A\ v X Z V3 X '
T H
) uvw 2 ,
+ T singcosa) + — V_ + V (T cosgsina
z (Vv )3 T H X
T H
-T sinc+ T cosg cos a)
y z
aTr uw 2
S = - — (T cosa-T sina) + 2 W (T cos o sin a
W 3 b4 zZ 3 X
\Y V_ Vv
T T H
-T sin ¢ + TZ cos 0 cos Q)
oT 2
S) vw . v . .
——a = -3 (T cos a - T sina) - —= (T sin o sina+ T cosgo
% X z 3 X Yy
v A\
T H
. 2 2 .
+ T singcosa) + uvw (V_ + V) (T cos o sin a
z Vv )3 T H pid
T H
- T sin g + T cos o cos Q)
% z
oT 2 2
o) u + v . vw . .
3 = (T cos a -T sin a) - —= (T sincgsina+T cosg
A 3 X z 3 X £
\Y/ Vv
T H
+ T sinc cosqQ) - u (V. Vv )2
Z (V_ V) T H
T H

2 2 2 .
- w (V. + V)| (T cososina-T sing + T cosocos a)
H T X Y z2
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OT dT o, i
—a?l; %;—- —afcosa—a—h‘sina} +
T
T aTz
--aiisino+-a-}-1—cos 0o cos q
aTe Y aTX oT \
8T=-\_7— BT cosot—ah sinoc)
T
T aTz
+_8?Z coso+-§h—- sin ¢ cos Q
T aTz
—-a-gz sin ¢ +§h— COS 0 Ccos O
oT T AT
2 _w X cos q sin a| +
or VT oh oh
AT aTz
+5—hzcosc5+ah sin g cosa
oT oT \
- EX sing + _871-& coso cosoc}
aTX dp_
g‘l— = —Ae cos lT cos 6T a'h—
T ap_
_zéh = —Ae cos lT sin 6T a;l—
aTz de
S3h = -Ae sin lT -—dh

CII-17

\

_H
v

—;7—

T

H

v

\Y

H

QT
{ X

i— cos g sin a
- oh

T
X sino sin g
dh
AT
L4 X coso sina
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F. Impulse Response Functions

Note: A set of impulse-response functions is computed for
the payoff function, ® , and for each of the terminal con-
straint functions wl, wz , e« + ¥, 0=p =8. The

p
equations are written here for &, where the X® are so-

lutions to the adjoint equations, Section E, wﬁen the
initial conditions, Section D, are computed on the basis
of derivatives of the payoff function, ®. The impulse-
response functions for the wj are obtained in similar
manner utilizing the corresponding sets of adjoint solu-
tions. Terms for which the partial derivatives with re-

spect to the control variable, a or ¢, are zero have been

*
omitted from these equations.

) ) ] op

! _ 94 ov ow _—a
¢ 200 = 3 Moou T de Moav T e Moow T o Icmpa

' _ ou ov ow
S 200 = 6 Meau T 3o Meav T B0 Moqw

where
o _ _ pS [uv_aEQ v v COSGEC_L +_l_irf£
A 2m | T da H T da m Ao
v _  pS - acD 4 ouy v SOs O acL wvi sin o aCL\
da 2m | T Oa T V da v da |
H H

1 GTQ

+ = S

*Tn matrix notation,

~

T
¢ F97¢)
G A = , i
G i
Qo
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. ac . C
ow _  pS WV R ol T X L 2 sino L
da. 2m T Jd T V o) T V da
H . H
1 9%
m Jdo
. oT
ou oy | 1 ¢
X = - C. V_isin + = —
do 2m (VH L T} mo m oo
. aT
v _ pS sin ¢ 2 cos ¢ 1 8
= = c.V -Cc Vv + = —
do m ‘ L'tV oy L 'r"Y v m do
, H H
. aT
i 2
ow _ pS c v sino . y cos g, 1 8
do 2m L T \% L T \% m Jdo
H H
apa
o See Section G of this Appendix
AT T T
—= — V. cos a cos ¢ - u sin a ———Zucosoc
da. \Y% S
T ‘ T
+ V__ cos sin Q
- o
oT.. T - , .
—Z - X v V._.sina + cos a |wV_ sino+ uv cos 0‘
da V.V { H ! T H
H
T - 1
Z P . J
+ isin o4 |{w V_ s1ln ¢ + uv C0Os O - Vv V. cos aj
v [ T H |
T H
AT T n
4 Z | t{vV sin - u w cos \ - w V_ sin a!
v g cos a | T o} o q
H ! ' ! !
TZ '» \‘ h
- —— 1 1 - ! +
7 VH sin a v VT sin ¢ u w Ccos o w VH cos ocJ
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aTr TX Vi T, Vg T V
8;— = - - sin o sin a - —ivr—— cos 0 - v sin o cos a
T T T
aTQ TX sin a . T ,
S0 vV (uv sin ¢ - w VT cos<ﬂ + G—va- ,uv cos o
T H T H
\ TZ cos { \
+ wV sinc) e — uv sin ¢ - w V_ cos g/
T VT VH (\ T |
. T
sin _ i
6T¢ _ Tx “ v VT Cos o + uw s1n<ﬂ + G—XG— ‘uw cos @
do V_V T H

T H

T7 cos a \

————— v V_ coso+ uw sinao |
vV_ Vv T ° |

. \

- V V_ sin +
T °

T H !

Additional State Equations and Penalty Functions

1. Total Heat Absorbed per Unit Area at Stagnation Point

29 - ke mge o2 [rol T kg meg ¢ s
at ¢ oc P 1000 or “or P thOOQ
KQC p RQC p NQC , KQR , RQR , NQR are constants (input)
N0 _ % r ox 2 ( Vi ) Noc vk RN 3/2( Vo )NQﬁ‘_g_
du ~ oc Toc Tgc P 1000 OR QR QR P 10000/ | 2
T
20 _ < RN 172 Y | Nac rx RN 372 Vo NQR}.JL
dv oc “oc “gc P 1000 OR "OR QR 10000 2
“ T
. V_ o\ N
3 1 1/2( Vr ) Qc 3/2 V| N_ 1
=== KR __N__p — + K R _ N _ p T QRI W_
Ow | QC "QC QC 1000 QR QR QR (10000) Jvz
T
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K__ R v 1Yoc 3 KR 1/2 v Noc]
3 | Boc Soc ( T ) L, orr Py Tp dp
dr 5 p1/2 11000 2 10000/ dh
N _ _Nar
e dr de

Pilot Acceleration Dose or Acceleration Penalty Function

dp

a 1 .
ac - 7(a) T(a) input, table
2
a = P VTS C2 + C2
~ 64.4 D L
Acceleration in g's.
b - e -
a _ 1 d Tt (a) {ps o2 2 M
du 2 da 6d.anm 0 LTS (2T T2
T(a) \ ! C + C
D
(c acD . S%Jl}
D oM L oM )J
%, 1 dt(a) [p.s | [ 2 7 M
= = - vi/c.” + C 2 +
ov 2 da 64.4 m Wv L D 2
T(a) C + C
D L
(c ac, . 3¢,
"D oM L oM
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dp . : N
_a _ 1 dr(a) | RS | - 2 M
ow T(a)2 da ‘64.4m,’ W JCL + CD 2+ 2 2
' C + C
D L
¢« S, Tu)
D oM L anf]
. .2
V \
apa 1 dt(a) T S o 2 ’
=% = - =2 L rc®  lap
or T(a) da L 64.4m] | v L D
[ldh
) oM ac . acD o aCLl
C (b + 2) dh | D oM L oM /|
D L
éﬁg _ EE_.QB
08 or 06
3 v s Y 3c ~1/2
Py _ 1 oar@ PV S | c 2D, 4 __g}(c 2, o 2)
da T(a)?2 da 64.4m | "D da L oa i\ L D |
o a0 dp BpH 6pQD do
Altitude Penalty Function
h-A 2 h > A provided h has
iifli _ Au1 AHH2) H2 * Leen less than Ay
dt ‘ 2
0] <
L = ag,
AHl , AH2 input
28 (h=Ay)) .
2 PH #0
A
: 2
BpH ) H
or -
0 5 =
py =0

Prarieony
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%Py Py oar
de dr de
apH _ apH _ apH ) apH _ apH i BpH _ 8pH BpH apH apH _,
du ov ow o0} 30 apa GpH apQD da X
4. Heating Rate Penalty Function
2
! 0-a
: QD2
9Pop _ iPom1 2ono ) 2> Bopa
dt |
|
\O QSAQDZ
AQDl AQD2 input
For Q > AQDZ :
Pop _ 220p1 920p2) 30
du A2 du
QD2
%Pop 2855y (Q-25p5) 30
v B 2 v
Aop2
Pap _ 2A0p1 (O-20hy 39
ow A2 ow
QD2
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. 2 '_ .
Bop  Pop1 @Pgpa) 30
or A2 or
QD2
: 2 )-A .
Pop  Rop1 @ on2’ 30
de 2 38
Aop2
. << .

For Q = AQD2'
%o _ %Pop _ %Pop _ Pop _ Pop _ 0
du ov ow or Je
For all Q:
%op _ Pop _ %op _ Pop _ Pop _ Pop _ Pop _ 0
o0 aQ Bpa BpH BpQD da do
H. Optimization Equations

1. Definitions (Also see List of Symbols in Section TI)

NC = Total number of inequality and equality terminal con-

straints specified for given prohlem 0 = N = 8
L. = 8-vector indicating status of terminal constraints.

1, 0 <i = Nc if constraint wi is "“active"
0O , O0<Ci = NC if constraint vy is "inactive"
;
LO , N < i = 8 , constraint not specified
c
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Inequality terminal constraints having current
values that lie outside of specified limits

and all equality terminal constraints are
active; inequality terminal constraints having
current values that lie within specified limits
are inactive, see Section H.9. When L is used
as a subscript on a matrix, it implies that the

matrix consists of only those rows and/or

columns for which the corresponding Li = 1.
(dP)2 ' I -1 a fact ted durin
de e de . or compute uring

optimization process, section H.10. Since‘VEGT

is required, Fl must be = 0 ; if Fl is computed

as < 0 , then wd are scaled by SFC

2. Errors in Terminal Constraints

3. Performance

If N
c

el

O:

*

t

\

, - . if . = . !
wAl le z//Al le 81
— 1 <Z _—
Yai T ¥pi T Va; S ¥y T &
0 1L Ypy ~ B; S ¥ay < ¥py T

Indices
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e, = d@, = a_ [tar)? o) 1/2

P P
= p—y (b
Rd@ Rdg d—A/dgp
N =N = dgA/dP
If N, #0:
. Ne  ¥_;*2 |1/2
v, =\ T/
i=1 ity
2 11/2
Ne wz—:i /
WA =l =
i=1 1
vi¥y
ay y v
A A A
*
a¥ = -Sp. ¥,
Ryy = d¥, /d\yP
* q)* I ' _l *
A T TyoL Tywr, Yer
' -1
2a T % 7 Tyen Tygr Yer
(I) *
ag, =&, - &,
B, 1/2
2 ! -1 ', LS |
2 { [@p)"-ap, Typr Pr’ Yoo Tyer Tyyn Iz//CDL)>
dp = if F. >0
0O , ifF, =0

IT-26




|} RAYTHEON |

e
II
dgA/dgp , ifF, >0
R =
dg 0 , if F. =0
1
*
Wy = Yp " Va
Rdw = dy, - @y
® © - 0
o, = -
' -1
d = do_ +
d®p ddp + gy IWL By
Ryg = 40, /do,
0] =
AQ de, /dp
A® = a2, /dP

2
4. New (d4dP)

2 .
The option of using a constant (dP) is provided by
setting the input constant KA = 2.0; to use the variable
step-size feature described by the following logic, set

KA = 1.0.

If Fl = 0 and if

2
R = A multiply (dP) by A

ay 21 11

. . 2
=
A21 > RdY = A22 continue with same (d4dP)

2
A > R multiply (dP) by A

22 day 12
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Or, if Fl > 0 and if
. 2
Rd@ = A3l multiply (dP)~ by A12
. 2
=
A3l > Rdg = A32 multiply (dP)"~ by All
A > R = A continue with (dP)2
32 7 fae T 33 same
A >R multipl (dP)2 by A
33 7 Tag ply Y 812
All >1 > A12 > 0; All , A12 , input as DPINC, DPDEC
A21 > A22 (usually, 1 > A2l > A22 > 0); A2l . A22
input as PSIEG , PSIGP
A3l > A32 > A33 (usually A3l >1 > A32 > A33 > 0);
. EG |
ABl ' A32 . A33 input as PHIGE , PHIEG
PHIGP

6. Rejection of Unacceptable Iteration

. . . 2
When operating in variable (dP) mode, KA = 1.0, the
current choice for da and the associated integration of the
state equations is rejected and the program proceeds

immediately to SectionH.10 of these equations if

F. =0 and R < A

1 avy 23
Or, Fl > 0 and Rdgz < A34
- 1 J
A23 < A22 : A23 input as PSIR
. i PHIRJ
A34 < A33 : A34 input as




o0)
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Stops for Termination of Iterations

Only the first two of these stops are applicable if
KA = 2.0; all are applicable if KA = 1.0. When a stop is

encountered, other than KS = 1, the program terminates the

current case and calls the input for the next case, if any.
KS =1 do not stop
K, =2 requested number of iterations, NIT,
completed; NIT = 0 results in integration

of only the state equation; NIT input.

= } i i i .
K 3 IAQ*SAQMIN‘ for N F consecutive 1teraF10ns,

A
AQMIN' NAF input as CDELM, NDELF

. . 2 .
selected for next iterations; (dP)MIN input
DPSQM

K, =5 current choice of control programs and all
. . . 2
previous choices since (dP) became = (dP);I

2
are unacceptable and new (dP) = 0.01 (dP)b‘iI

last five choices of (_dP)2 have vielded un-

n

acceptable control programs

Integrals of Products of Impulse Response Functions

r = [T o1

W g, (g WG at
— T 1) ' l 1

Tp = I (Oyg) Wiy a

I1-29
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11
T
I = f ! ' —l 1
od to (G x®Q) WG x®Q dt

The G matrix is computed for the last acceptable inte-

gration of the state equations.

9, Status of Constraints

Determine status of constraints after each acceptable
integration of state equations; do not change L if tra-

jectory is unacceptable.

i = . .
Lo 18 W, =V T &
= +
L= Or ¥p; =Ygy * &4
i .
- LTE .
0 i wBi Ei<wAi<¢T1 i
or ith constraint not specified
i=1, 2, . .8
10. Selection of Changes to be made in Constraints
*
Vg = =Y,
2 ' -1
Fpo= (@) - Varlyyr Yar
= -
If Fl = 0:
SFC =1
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Or, if Fl< O:
5 -1 1/2
S LG R LyyL, de]
Set Fl =0
W = Spe Vg
11. Control of Inactive Constraints
For each i, i =1, 2, . . . Nc' for which Li =0
do the following computations:
2 'o-1
ay. =a_ [(1, -1 I S 9P T Walyyn Wy
O e 2L 717 T 1 ) S V ol

oo ~ yorlyyrlyern
-1
+ T n Tyt de]

*
IE Y+ AP, = 9g. + e

*
0t = s -l

Tdi TTi TAi

L. =1
i
= 2
KC[
Or, if ¢_. +e. > Y.+ +dy, DvU_. - €,¢
T 1 Al 1 B1i 1
dz’[/i - dwl
L. =20
i
KéI = 1
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Hh
<
w
e
I
m
v

= 2
KCI

Upon completion of preceding computation for all inactive

constraint,

If KCI = 2 , return to the second equation of

Section H.1l0 and repeat subsequent

steps in Sections H.10 and H.1l1l.

Or, if KCI = 1, proceed to Section 12.
12. New Control Programs
ag = dy (Assumption, 6x(to)=0)
2 v _=1
(drP) -dp_1I dp
. ~1 L yyL "L
da(t) = a W ' - G
a(t) a (me waQL IWL IchL) 1
dd YL YyYL YOL
-1 -1
+ d
w G >MIPQL IwwL BL
*

al(t) =a (t) + da(t)
where

a(t)

a(t) =
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LAMCOS-DO
During first integration of state equations or when Nc = 0,

LAMCOS-DO is not used. Determine time for application of

LAMCOS-DO from

W

t,. = — k=1, 2, . . .n=1 =9

W
o]

n, input as LAM

= 1 = = <
Or, t t., , 1 1, 2, .. .m=9, 0K tl < t2 e e . < tm
ti , input as LAMT(I)

do not use any ti > .98T

For each t. make following computations:

k
T
I =f ' ! -'l !
vk £ (G Ayg) W7o (G 0) dt
T ] 1 _l t
Iz/@ = £ (G XW) w o (G xcm) dt
k
T [ [ _l |
Top = [ (G rog) W (G M) At
t
k
2 2 x
(dpk) = (dpP)” - [ 7 da Woéa dt
o
- T < 7]
ag, = dy Xka Lx(t) x (t) ]
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II

' -1
xn Tyykn “Pxr

el
]

2
% (de) - dp

If sz = 0 proceed with computation

@, if F <O

2k
a (de)2 172
set dBk = %d - . _1 . dBk
[%Pxr Typxr “Pxr .
- 2 _ ' -1 - 1/2
B (dPh) dBkLIwka dBkL |
M T I -1’ 1 Thog J
oDk YOKL, PPkl YKL -
For Lk <t = tk+l;
5 - L' Y I )
a(t) =a W (G A, -G var Tyyxn Tyext) Pk
-1 -1
+ W G waL Iwka dgkL
where )
" da(t)]
da(t) =
Lo (t) |
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11
12

21
22
23
31
32
33
34

H1

OD1
AQD2

u
II

List of Symbols

. 2 . . .
factor, > 1, by which (dP)  is increased, input as DPINC
2 .
factor, < 1, > 0, by which (dP) is decreased, input
as DPDEC

factor, < 1, > A2 , Separating excellent and good
values of VY, inpu% as PSIEG

factor, < A_.., >

A__, separating good and poor values
of ¥, input as PSI%%

value of ¥, < A_., = 0, below which iteration is re-
jected if ¥ index is being used, input as PSIRJ

factor, > 1, separating good and excellent values of

®, input as PHIGE

factor, <1, > A

, separating excellent and good values
of ¢, input as PﬁiEG

factor, < A32, > A separating good and poor values

of &, input”as PHIéél

value of ¢, < A__,, = 0, below which iteration is re-
jected if @ index is being used, input as PHIRJ

constant in altitude penalty function, input

upper bound of altitude during flight, input
constant in heating-rate penalty function, input
upper bound on the heating rate during £light, input

2
exit area of rocket motor, ft , input for each thrust
stage

aerodynamic acceleration, g's

constant, +1 or -1, indicating that & is being maximized
or minimized, respectively, input by sign of payoff
function library number

drag coefficient, dimensionless, input as CD (o, M,
Stage No.)

1lift coefficient, dimensionless, input as CL (a, M,
Stage No.)
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-1
c local speed of sound, ft sec
D aerodynamic drag force, 1lbs
2 . . .
(ap) step size or the integral of the weighted square of
the variation in control variables for an iteration,
radians? sec
dp composite of predicted changes in terminal constraint
functions and actual changes in initial state
E total energy of vehicle, ft 1b
. known functions of state variables, control variables,
+ and time; = ki
G matrix of partial derivatives of fi with respect to ¢
along nominal path ‘ ]
g gravitational acceleration, ft sec
h local altitude, ft
I@@ integral of weighted square of impulse response functions
for changes in payoff function
I¢® integral of weighted product of impulse response func-
tions for changes in terminal constraint functions and
changes in payoff function
Iww integral of weighted square of impulse response func-
tions for changes in terminal constraint functions
iT thrust misalignment angle in the x-z plane of vehicle,
degrees, input for each stage
J constant in the gravitational expression, dimensionless
KQC weighting or scale factor for convective heating, input
KQR weighting or scale factor for radiative heating, input
L aerodynamic lift force, lbs
L vector indicating status of terminal constraint functions
M mach number, dimensionless
m mass of vehicle, slugs, input for each stage
N i | =< to
AF number of consecutive times lagl_AgMIN before stop
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OR
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exponent of V_ for convective heating, input

T
exponent of VT for radiative heating, input
2

ambient atmospheric pressure at sea level, 1b £t °,
input
. -2
local atmospheric pressure, 1lb ft
normalized altitude penalty function
normalized heating rate (é) penalty function
pilot acceleration dose, acceleration penalty function
heat absorbed at stagnation point, units depend on KQC'
K
OR
. -2
dynamic pressure, lb ft
radius of earth computed from spheroid approximation, ft

effective nose radius for convective heating, ft

function of NQC and RQC' input

function of NQR and RQR’ input

ratio of actual to predicted change in ¢; similarly,
for R, , R R

avy dad’ “ay
equatorial radius of earth in oblate spheroid approxi-
mation, ft, input
reference radius of earth used in gravitational expan-
sion, ft, input
polar radius of earth in ckla
ft, input as RPC
radial distance from center of earth in spherical co-
ordinate system, ft

. 2
reference area of vehicle, ft , input for each stage

scale factor, = 1,> 0, by which desired changes in
terminal constraints are multiplied

Supplementary scale factor, =1, > 0, introduced by
LAMCOS-DO at tk

terminal time of trajectory, sec

thrust, lbs
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basic sea-level rocket thrust, lbs, input as TSL(t)
time, sec

component of velocity in g direction, ft sec
component of velocity in local 5 - $ plane, ft sec

magnitude of velocity relative to the rotating earth,
ft sec”l

. AT . -
component of velocity in 6 direction, ft sec

diagonal weighting matrix used to facilitate con-
vergence, input

component of velocity in $ direction, ft sec
axis in the longitudinal plane of vehicle

state variables

axis in the lateral plane of vehicle

axis in the vertical plane of vehicle
angle-of-attack, radians (input-output, degrees)
control variables

A
heading angle from the local 6 direction, radians
input-~output, degrees)

flight path angle to the local 6 - $ plane, radians
(input-output, degrees)

actual gradient of & with respect to dP
lagl below which convergence is assumed
actual gradient of & with respect to dP

thrust misalignment angle in the x-y plane of vehicle,
degrees, input for each stage

tolerances in meeting specified values of inequality
terminal constraints, input as EPS

co-latitude angle in "initial condition" oriented
spherical coordinate system, degrees

adjoint function, units vary
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Iz
vy longitude in "initial condition® oriented spherical
coordinate system, degrees
] . . . 3 -2
ue a constant in the gravitational expansion, ft  sec

latitude in "initial condition" oriented spherical co-
ordinate system, degrees
density, slugs ft“3

bank angle, radians (input-output, degrees)
T (a) acceleration-endurance function, sec, input

d PHI index for performance of optimization procedure
when variations in control programs are being used,
at least in part, to optimize &

payoff function used in optimization procedure, input

azimuthal angle in spherical coordinate system, radians
(input-output, degrees)

P* azimuthal angle in "initial condition" oriented
spherical system, degrees

¥ PSTI index for performance of optimization procedure
when variations in control programs are being used
solely to achieve terminal constraints

' terminal constraints in optimization procedure, input
as CON
wB lower or bottom limits on terminal constraints, input
as SIB
wT upper or top limits on terminal constraints, input
as SIT
we errors in meeting specified values of terminal constraints
Q stopping condition in optimization procedure, input as
STOP and STOFV
u , -1 .
Qe angular velocity of earth, radians sec =, 1nput
Subscripts
A actual
i, 3 indices
k index designating time at which LAMCOS-DO 1is employed
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L matrix consists of only those rows and/or columns for
which the elements of L are nonzero

initial condition

predicted

r, 8, ¢
X, y z‘} component along the related coordinate axis

Superscripts

. differentiation by time

transpose of the matrix

* associated with last acceptable iteration (except
where used with coordinate angles 6* and ¢¥*)
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DEFINITION OF VALUES IN COMMON STORAGE

COMMON / INPUT /

1

10
11
12
13
14

15

16

17

19

20

21

CASENO(2)

ID(3)
XVT
XGAMMD

XBETAD
XH
XTHETD
XPHID
GS
GMASS
PAYOFF

STOP

STOPV

HP

AIT
XDPSQ

All

Al2

(@

3 0 & © §g
o O O

(ap)’

11

12

COMMON NO. 1

Case Number and iteration number. Input symbol
CASENO

Identification, alpha-numeric. Input sumbol ID
Initial velocity in ft./sec. Input sumbol VEL

Initial flight path angle in deg. Input symbol
GAMMA

Initial heading angle in deg. Input symbol BETA
Initial height in ft. Input symbol H

Initial co-latitude in deg. Input symbol THETA
Initial longitude in deg. Input symbol PHI
Glide reference area in ft.2 Input symbol GS
Glide mass in slugs. Input symbol GMASS

Library number of payoff function. Input symbol
PAYOFF

Library number of stopping function. Input
symbol STOP

Stopping value in units of stopping function.
Input symbol STOPV

Print interval for forward trajectory in sec.
Input symbol PRTINT

Maximum number of iterations. Input symbol NIT

Initial steepest-descent step size. Input
symbol DPSQ

. 2
Constant for increase of (dP) . Input symbol
DPINC

2
Constant for decrease of (dP) . Input symbol
DPDEC
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23

24

25

26

27

28
29
30

31

32

33

34

35

36

37

38

39

A2l A2l
A22 A22
asl Ay,
A32 A,
A33 A,
DELF N, o
CEHIM A
DPSQM (dp)fdIN
K1 Koc
R1 RQC
N1 NQC
K2 Kor
R2 RQR
N2 Nog
AH1 AHl
AH2 AH2
AHRI 2op1
AHR?2 AQD2

PRavTHEON J—
{RavTHEON ]

1T

Constant dividing excellent and good ¥ . Input
symbol PSIEG

Constant dividing good and poor Y.
symbol PSIGP

Input

Constant (>1) dividing good and excellent 9.
Input symbol PHIGE

Constant (<1) dividing excellent and good .
Input symbol PHIEG

Constant dividing good and poor &.
symbol PHIGP

Input

Numb f ti Q| =
umber of times |A_l AQMI

N before stop.
Input symbol NDELF

Minimum actual gradient. Input symbol CDELM

Minimum (dP)2. Input symbol DPSOM

Constant for convective heating. Input symbol
KQC

Constant for convective heating. Input symbol
RQC

Constant for convective heating. Input symbol
NQC

Constant for radiative heating. Input symbol
KOR

Constant for radiative heating. Input symbol
ROR

Constant for radiative heating. Input symbol
NQR _

Constant for altitude penalty function. Input
symbol AH1

Constant for altitude penalty function. Input
symbol AH2

Constant for heat rate penalty function. Input
symbol AQD1

Constant for heat rate penalty function. Input

symbol AQD2
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40

41

42

43
44

45

46

47

48
49
50

51

52

53

54

55

56

57

58

LAM
SLPE
MU

GJ
RF

OMEGA

RPC

TLIM
HLIM
A23

A34
ORDA
HNOMA
EUA
ELA
HMAXA
HMINA

YCA

23

34

e el
1T

LAMCOS-DO equal interval indicator. Input
symbol LAM

Sea level pressure lbs./ft.2. Input symbol

SLPE

Gravitation constant in ft.3/sec°2 Input
symbol MU

Gravitation constant. Input symbol J

Reference radius for gravitation of earth in
ft. Input symbol RF

Angular velocity of planet in rad./sec. Input
symbol OMEGA

Radius of oblate spheroid at equator in ft.
Input symbol RE

Radius of oblate spheroid at pole in ft. Input
symbol RPC

Time limit in sec. Input symbol TLIM
Height limit in ft. Input symbol HLIM

Constant for reject based on ¥. Input symbol
PSIRJ

Constant for reject based on . Input symbol
PHIRJ

Order of differences for MARK during forward
integration. Input symbol ORDA

Nominal step-size for MARK during forward
integration. Input symbol HNOMA

E for MARK during forward integration. Input
symbol EUA

E for MARK during forward integration. Input
symbol ELA

Maximum step-size for MARK during forward
integration. Input symbol HMAXA

Minimum step-size for MARK during forward
integration. Input symbol HMINA

YCLOW for MARK during forward integration. Input
symbol YCA
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59

60

61

62

63

64

65

66

166

266

274
282
290

298

302

305

308
311
314

464
564

| RAYTHEON l

L__J
IT

ORDB Order of differences for MARK during adjoint
integration. Input symbol ORDB

HNOMB Nominal step-size for MARK during adjoint
integration. Input symbol HNOMB

EUB E for MARK during adjoint integration. Input
symbol EUB

ELB E for MARK during adjoint integration. Input
symbol ELB

HMAXB Maximum step-size for MARK during adjoint

integration. Input symbol HMAXB

HMINA Minimum step-size for MARK during adjoint
integration. Input symbol HMINB

YCB YCLOW for MARK during adjoint integration.
Input symbol YCB

ANTABX (100)a (t)Nominal control variable program of a(t).
Input symbol ALPHA

SNTABX (100) 0 (t)Nominal control variable program of o(t).
Input symbol SIGMA

CON(8) ¥ Numbers of constraint function. Input symbol
CcOoN

SIT(8) wT Upper limits on constraints. Input symbol SIT

SIB(8) wB Lower limits on constraints. Input symbol SIB

EPS (8) € Small tolerance on constraints limits. Input
symbol EPS

EOST (4) End of stage times in sec. Input symbol EOST

AE (3) Ae Exit areas in ft.2 for boost stages. Input
symbol AE

REFA (3) S Reference area in ft.2 for boost stages. Input
symbol REFA

IT(3) iT‘ in in degrees for boost stages. Input symbol IT

DT (3) 6T QT in degrees for boost stages. Input symbol DT

TMTAB(lSO)TSL&jThrust and mass tables versus time for boost

m(t) stages. Input symbol TMT
TAUTAB (100)t (a) Acceleration penalty function. Input symbol TAU
WTAB(50,3)W(t) Weighting function. Input symbol WT
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714

758

862
1462
2062

2063

2264

2465

2474
2478
2488
2528

2668

COMMON / VAR /

MTAB (11, 4)

ATAB(26,4)

i, RAYTHEON |

e
II
Mach tables for 1ift and drag coefficients.
Input symbol MCLCD

a tables for lift and drag coefficients. Input
symbol ACLCD

CLTABCBOANi@,MEdft coefficients. Input symbol CL
CDTAB (lED,-4)CD(a,MDrag coefficients. Input symbols CD

DELTA

ATABX(201)a(t)

STABX (201) 0 (t)

LAMTAB (9)

PRTOPT (4)
INPUTX (10)
HFMT (140)
DFMT (140)

IGO(170)

1

~N 0 bW N

RADIAN

D10
D11
D12
D13
D14
D20

Interval in sec. between computed points in
control variable tables. Input symbol DELTA

Computed control variable table for a in deg.
Input symbol ALPHX

Computed control variable table for ¢ in deg.
Input symbol SIGMX

Times in sec. at which LAMCOS-DO will be per-
formed. Input symbol LAMT

Print and punch options. 1Input symbol PRTOPT
Extra input area. Input symbol INPUT
Title format area. Input symbol HFMT

Column heading format area. Input symbol
DFMT

IGO blocks for subroutine OUT. Input symbol
IGO

COMMON NO. 2

Constant 57.2957795; conversion factor degrees

per radian

2
L JRf

Common term;

2

£
2

" " ; 4LLJR

8uJR

-
12

-
i

6LJR 2
2

£

f

2 d
uJRf

1]

; 21
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29
30
31
32
33
34
35

D30

D31

D32

ALPHD
SIGMD
ALPHR
SIGMR
CSIGM
SSIGM
CTHET
STHET

VHSQ
VTSQ
VH

PEA
RHO
SOFS

MACH
MASS
TH
THR
COSIT
SINIT
COoSDT
SINDT

cosg
sing
cosb

sinf

< 4 < < 95 on
8 ¥ m 2 m
NN

n T Lo}

SL

4 43 3 =

cosjT
sian

o)
Ccos T

sin d
T

Common term;

n n -
’

!

Pravtneony
LRAYTHEON ]

IT

"
e
20
e
202
e

Control variable;

Control variable;

Control variable;

Control variable;

degrees
degrees
radians

radians

Cosine control variable ¢

Sine control variable ¢

Cosine state variable 6

Sine state variable 6

Radial distance in spherical coordinates;feet

Altitude; feet

Y% V2+w2

2
Velocity; \/u2+v2+w . feet/second

Atmospheric pressure; pounds/foot2

Atmospheric density; slugs/foot3

Atmospheric speed of sound; in feet/second

The atmospheric variables are computed by

subroutine ATM

Mach number:;

Mass; slugs;

real

input

Sea level thrust; pounds;

input

Thrust adjusted for altitude; pounds

III-6



36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

THRX
THRY
THRZ
CALPH
SALPH
Cl

c2

C3

Cc4

C5

C6
THRR
THRT
THRP

X1
X2
X3
X4
X5
X6
X7
X8
X9
RSQ
R4TH
SQRHO

R s
o, o

T Component of
T "

Y
T "

z

Pravreon -
D

thrust

cos 0 Cosine control variable o

sin o Sine control

Common term;

2
4

~

Component of

T
T 0
T
S

variable o

cos a/V

=

sin o/V

H

cos o/V

e

sin \Y
o/ -

i V. +(uv V.V
w sing/ - (uv cosco)/ gV

i - S V..V
v 51nO/VH (uw coscg)/ 1V

thrust in ?direction
in @ direction

in @‘ direction

Reference area

Common term;

~e ~e

-

~e

=

-

~e

Ve

P SVT/Zm
p svTcD/zm
P SVTCL/Zm

(p sV, C_ coso)2m

T L

{u SV CL cosc»QVH m
{p SV
-u/r

(w cotf)/r

T
2 .
- CL 51n0)/2VH m

r Q 2sin@ + 20 w
e e
r

3
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63
64
65

66

67

68
69
70
71
72
73
74
75
76
77
78
79

80
81
82
83
84
85
86

ACELG a
TAU T(3
TIMEH

CL QJMAH
CD %(M,Ct)

TFINAL
B56
B58
PEH
PHOH

—— N

| SOFSH
' PEL

. PHOL

' SOFSL

DPERH dP_/dh
DRRH dp/dh

DSRH dc/dh

CLHM

CDHM

CLLM

CDLM

PCLRM agd/am
PCDRM ag{am
DRPRT dR/d8

u
I1

Acceleration in g's

A function of acceleration; input

Time when altitude equals AH2 (use by
penalty function C)

Lift coefficient; a function of Mach and a;

input

Drag coefficient; a function of Mach and o;

input

Time at end of forward trajectory

2
Common term; v +w

2 2
Common term; u +v +w

2
Atmospheric pressure at h+500 ft.; pounds/foot

Atmospheric density at h+500 ft.; slugs/foot3

Atmospheric speed of sound at h+500 ft.;foot/sec.

2
Atmospheric pressure at h-500 ft.;pounds/foot

Atmospheric density at h-500 ft.; slugs/foot3

Atmospheric speed of sound at h-500 ft.; feet/sec

Derivative atmospheric pressure respect to altitude

Derivative atmospheric density respect to altitude

Derivative atmospheric speed of sound respect
to altitude

C. (a,M+.05)

L
CD(a,M+.05)
CL(a,M—.OS)
CD(a,M—.OS)

Partial of CL respect to Mach

Partial of CD respect to Mach

2(R_-R

)cos® sinf; derivative of radius of earth

resgecgcto 6

ITII-8



87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112

B10O
B20
B21
B30
B31
B40
B41
B50
B51
B52
B53
B54
B55
B57
B60
B61
B62
B70
B71
B81
B82
B90O
B9l
B92
B93
B10O

Common term;

-e

~a

~e

~e

«q

<8

~n

~e

EXY

w8

-~

~e

«

e

~e

“e

~e

~e

«g

~e

~e

~e

~e

~e

we

Prarineon}
{RAVTHEON]

II

p S/2m
CDVT
c_.V

LT

(c +MAC /aM)/v
(c +Mac /aM)/v
(cosc /VH

{sino)/VH

uv
uw
vw
uvw
u/r
v/x
w/T
2cD+MacD/aM
ch+MacL/aM
20 _cos?B

[~
200 sin6

e
(cotB) /r
cosf sinf
cos29
sin29

(p M/c)dc/dh

III-9
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113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

135
136
137
138
139
140

B10O1
B102
B10O3
B104
R3RD
R5TH
VT3
B200
B201
VH3
B202
B204
PTRRU
PTTRU
PTPRU
PTRRV
PTTRV
PTPRV
PTRRW
PTTRW
PTPRW

PTHRH

PTXRH
PTYRH
PTZRH
B300
B301
B302

aTr/Bu
BTe/au
5T¢/Bu
aTr/av
BTG/BV
6T¢/Bv
aTr/aw
aTe/aw
aT¢/aw
dpP_/dh

aTX/ah
aTy/ah
aTz/ah

| “saliainet - |
IT

Common term; CD dp/dh—(pM/c)(dc/dh)(aCD/BM)
c. dp/dh—(pM/c)(dc/dh)(acL/aM)
S/2m
2 .
1 sinf
e

~e

~-e

~s

Common term

Common term

Derivative of atmospheric pressure respect to
altitude

Common term
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e

II
141 PTRRR aTr/ar
142  PTTRR BTQ/Br
143  PTPRR 8T¢/6r
144 B404 Common term
145  B405 " "
146  B400 " "
147  SCLCD (CL2+CD2)1/2
148 DTRA dt(a)/da
149 B401 Common term; a (dt(a) /da)/fr(a)2
150  B402 " "
151  B403 " "
152  B406 " "
153  B407 " "
154  PTRRA aTr/aa
155  PTTRA aTe/aa
156  PTPRA aT¢/aa
157  PTRRS aTr/ao
158  PTTRS aTe/ao
159  PTPRS 5T¢/ao
160 El Common term; = (cosa)/VT
161 E2 " N = (sina)/VT
162 E3 " "o = VH cosg
163 E4 " " ;= Vy sino
164 ES5 " L e (cosc)/VH
165 E6 " " = (sinc)/vH
166  CLAL CL(a—.OOS,M)
167  CDAL CD(a—.OOS,M)

ITI-11
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4*E:EF_‘I
168 CLAH CL(a+.005,M)
169 CDAH CD(a+.005,M)
170  PCLRA acL/aa
171  PCDRA acD/aa
172 B130 Common term
173 B131 " "
174 PTRG Print trigger variable
175 STRG Staging trigger variable
176 DTRG LAMCOS~-DO trigger variable
177 GTRG Influence function trigger
178 SRAT Stopping trigger. Forward trajectory is
terminated when SRAT = 0
179 MUD 1L Coordinate angle; degrees; real
180 NUD v Coordinate angle; degrees; real
181 PHISD ¢* Coordinate angle; degrees
182 THETSD 9* " " ; "
183 BETAD B Heading angle; degrees
184 GAMMAD vy Flight path angle; degrees
185 THETD ] State variable; degrees
186 PHID 0 State variable; degrees
187 DYNA Dynamic pressure; lbs./ft.2
188 ENER Energy; ft./lbs.
189 AST Actual integration step-size used by MARK;
seconds
190 RG MARK truncation error
191 SFRM(1500) Storage for MARK
191 NORA Order of forward integration
194 HNA Nominal forward integration step size; seconds
195  NEQA Number of equations to be integrated
196 TIMEA t Independent variable forward integration; seconds

ITII-12
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Dl
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198 U u State variable; velocity component; ft./sec
199 v v " H 7 " " 7 " "
200 W w " " : " " i " "
201 RX State variable; radius; ft.; = r-Re
202 THETR 6 " " ; co-latitude; degrees
203 PHIR 0] " " ; longitude; degrees
204 PA Q Heat
205 PB P Acceleration penalty function
206 PC Py Altitude penalty function
207 PD pQD Heat-rate penalty function
208 PE Null
209 PF Null
210 Ul u Derivative
211 vl v "
212 wl w "
213 RX1 r "
214 THETR1 & "
215  PHIRL ¢ "
216 PAl "
217 PR1 "
218 PCl "
219 PD1 "
220 PE1 "
221 PF1 "
210 NORB Order of adjoint integration
213 HNB Nominal adjoint integration step size; in seconds

I11-13
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214
215
217

271

1691

5309
5510
5711

5725

5739

5793

5793
5794
5795
5796
5797
5798
5799

NEQB
TIMEB
ADJ (6, 9)

DADJ (6, 9)

GL (9,2, 201)

ATABS (201)

STABS (201)
PARTS (14)
PARTC (14)

CADJ (6, 9)
F(6,6)

PFURU A/ du
PFVRU dv/du
PFWRU ow/du
PFRRU or/du
PFTRU 38 /du
PFPRU dc /du
PFURV Aa/ov

—
I1

Maximum number of equations to be integrated
Independent variable adjoint integration

Variable adjoint differential equations.
1lst subscript for adjoint A ,A _.A , X ’XG'
and \_ , 2nd subscript for pgyo¥f Funétion
and 0¢to 8 constraints

Derivatives for the adjoint differential
equations

Storage for influence functions. 1lst subscript
for payoff function and 0 to 8 constraints.
2nd subscript for the two control variables, o
and ¢. 3rd subscript for the 201 equal-time-
spaced points.

Storage for control variable «; radians
Storage for control variable ¢; radians

Storage for partial derivatives of stopping
function. PARTS(14) = total derivative

Storage for partial derivatives of payoff and
constraint functions. PARTC(14) = total
derivative

Storage for constant adjoint differential
equations. 1lst subscript for the constant
adjoint differential equations. 2nd subscript
for payoff and O to 8 constraints

F matrix associated with variable adjoint
differential equations
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5800
5801
5802
5803
5804
5805
5806
5807
5808
5809
5810
5811
5812
5813
5814
5815
5816
5817
5818
5819
5820
5821
5822
5823
5824
5825
5826
5827
5828

PFVRV
PEFWRV
PFRRV
PFTRV
PFPRV
PFURW
PFVRW
PFWRW
PFRRW
PFTRW
PFPRW
PFURR
PFVRR
PFWRR
PFRRR
PFTRR
PFPRR
PFURT
PFVRT
PFWRT
PFRRT
PFTRT
PFPRT
PFURP
PFVRP
PFWRP
PFRRP
PFTRP
PFPRP

ov/dv
ow/ov
ar/ov
aé/av
db/ v
ou/dw
ov/ow
ow/ dw
or /ow
36/ dw
3¢,/ dw
du/dr
ov/or
ow/dr
or/dr
d6/dr
d¢/dr
ou/ 06
ov/ 36
ow/ 38
or/ 08
36/36
d6/36
4/
ov/
ow/ 3¢
or /A
36/3¢
3¢/ 3¢

Pravtneony
—LRAYTHEON

IT
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5829

5829
5830
5831
5832
5833
5834
5835
5836
5837
5838
5839
5840
5841
5842
5843
5844
5845
5846
5847
5848
5849
5850
5851
5852
5853
5854
5855
5856
5857
5858

CF(6,6)

PFARU
PFBRU
PFCRU
PFDRU
PF ERU
PFFRU
PFARV
PFBRV
PFCRV
PFDRV
PFERV
PFFRV
PFARW
PFBRW
PFCRW
PFDRW
PFERW
PFFRW
PFARR
PFBRR
PFCRR
PFDRR
PFERR
PFFRR
PFART
PFBRT
PFCRT
PFDRT
PFERT
PFFRT

da/du
db/du
d¢/3u
dd/du
0é/3du
3f/3du
da/ov
3b/dv
a¢/ov
dd/dv
de/dv
df/dv
da/ow
ob/ ow
&/ dw
34/ dw
de/ dw
Jf/dw
da/or
db/dr
d¢/dr
d4/dr
dé/dr
df/dr
da/ 36
b/ 36
3¢/ 06
33/36
0é/ a6
JE/d6

 —
I

F matrix associated with constant adjoint
differential equations

(Note:

In 5829-5864 and 5877-5888, a, b, ¢,
d, e, f, represent the functions PA,
PB, . . . PF respectively; See 204-
209)
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5859
5860
5861
5862
5863
5864
5865

5865
5866
5867
5868
5869
5870
5871
5872
5873
5874
5875
5876
5877

5877
5878
5879
5880
5881
5882
5883
5884
5885

PFARP
PFBRP
PFCRP
PFDRP
PFERP
PFFRP
G(6,2)

PFURA
PFVRA
PFWRA
PFRRA
PFTRA
PFPRA
PFURS
PFVRS
PFWRS
PFRRS
PFTRS
PFPRS
CG (6, 2)

PFARA
PFBRA
PFCRA
PFDRA
PFERA
PFFRA
PFARS
PFBRS
PFCRS

da/dp
db/d¢p
&/ o
da/d¢
0&/9¢
J£/3¢

i/ da
v/ da
ow/ oo
or/da
d6/3da
3%/
ou/do
ov/do
ow/do
or/do
d6/3c
3¢/ 3o

da/da
3b/da
9¢/da
dd/da
de/da
df/da
da/dc
db/da
d¢/do

L—‘
II

G matrix associated with variable adjoint
differential equations

G matrix associated with constant adjoint
differential equations

(See Note at 5829)
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5886
5887
5888
5889

5898
5898
5899
5900
5901

PFDRS
PFERS
PFFRS
LAMP (9)

VARX (25)
LIFT
DRAG

DA

DS

dd/do
0é/d0
dEf/do

da

da

COMMON / ANAL /

1
2
3
11

19

27

35

36

37
38
39
40
41

HI
HIS
SIA(8)
SIAS (8)

SIE(8)

SIES (8)

CSIA

CSIAS

CDSIP
CDSIA
CRDSI
CHIA

CHIAS

©
¢*
Y
w*

Pravmneony
—{RAYTHEON J-
11

LAMP*TFINAL give times, in seconds, for
LAMCOS-DO

Extra space for additional wvariables
2
2
psvch/
2
pSVTCD/

COMMON NO. 3

Value of payoff function
Value of payoff function last acceptable iteration
Matrix of values of terminal constraint functions

Matrix of values of terminal constraint functions
for last acceptable iteration

Matrix of the errors between the actual values
of ¥ and the desired values

Matrix of the errors between the actual values
of ¥ and the desired values for last acceptable
iteration

Composite performance indicator for constraints
only

Composite performance indicator last acceptable
iteration

Predicted change in V¥
Actual change in Y
Rati £ t
io o dYA o d?p
Composite performance indicator

Composite performance indicator for last
acceptable iteration
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42
43
44
45
53

61
62
63

64
65
66

147

148

150

158

222

226

227

228

237

238

246

254
262
326
327
328

CDHIA do

—A
CDHIP ao
=p
CRDHI Rdy,
DSIA(8) dy,
RDSI(8) R.
(8) v
DHIA e,
DHIP o,
RDHI Ryg
DP ap
EHI AD
CEHI AD
INTGL (9, 9)
IHH Ipo
ISH(8) IW®
1S5(8,8) 1I
( ) oy
WT (2, 2)
Fl F
F2 F,
SID(R) W
) Yy
SFC
F Spe
DSI(8) dy
DSIJ
DBETA (8)
ISSIL(8,8)1
W/%
DPSQ (3P)
DPSOK (dP)i
THHK L

—L__J
1T

Actual change in @
Predicted change in &
tio of 4o o
Ratio o to d___P
Actual change in terminal constraints

Ratio of actual change over predicted change
in terminated constraints

Actual change in payoff function
Predicted change 1n payoff function

Ratic of actual to predicted change in payoff
function

Square root of steepest-ascent step size
Actual gradient of payoff function

Actual composite gradient

Storage for computation of integrals; real
Real

Real

Real

Weighting function

(dP)z'wdnllwwi VaL
Fl/(%m; I¢®L I;wL Iw¢L)

Desired change in terminal constraints
Scale factor

Predicted change 1in terminal constraints

Predicted change in terminal constraint that
is inactive

v

dz// ~ /\"Q[/QO bXO

Steepest-ascent step size
Steepest-ascent step size left; LAMCOS-DO
Real
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u
IT
Is 8
329 HK(8) Iw@k Real
337 ISSK(8,8 I Real
?//‘{k

401 ISSILK(E8I™ Real

® Ewka
465  DBETAK(8)dp,
473 STVRS (12, 9) Storage for the state variables to be used

by LAMCOS-DO

581 LAMBDA (6,8,9) Storage for variable adjoint differential
equations to be used by LAMCOS-DO. 1lst sub-
script adjoint differential equations. 2nd
subscript O to 8 constraints. 3rd subscript
1l to 9 times; Real

1013 SFCK SFk
1014 F1K Flk
1015 F2K F2k
COMMON / IVAR / COMMON NO. 4
1 JTAPE Print output tape 6
2 KTAPE Not used
3 LTAPE Scratch tape 8
4 ITN Iteration count
5 ITTN Trial iteration count
6 ISTAGE Boost stage count
7 NC Number of constraints
8 NT Number of constraints + 1 (for payoff function)
9 NRTN Return indicator from MARK
10 NRTG Trigger return indicator from MARK
11 KACC Iteration acceptable indicator
1 = acceptable, 2 = not acceptable
12 KA 1 = variable (dP)2, 2 = fixed (dP)2
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13 KS Case stop indicator
1 = Do not stop
2 = Requested number of iterations complete

3 = Composite gradient less than minimum
value NAF times

4 = Current iteration acceptable but new

(@P) %< (ap)?2

MIN
5 = Current iteration unacceptable but new
(@p)? < .01(dp)2

MIN

6 = Trial iteration > 5

14 NIF Number of equal-time-spaced points to save
influence functions along the trajectory.
NIF=201

15 NG Influence function count runs from 201 to 1

16 L(8) : Active constraint matrix

1l =vyes, 0 = no

24 LS (8) Active constraint matrix last acceptable
iteration

COMMON / FORW / STRAJ(20,13) Storage for the forward trajectory
written and read from tape.
Referenced by decks TOS, SFR, and ADT

COMMON / ISTATE /

1 UN
Yo
2 VN
Yo
3 WN
Yo
4 RXN r -R
0 e
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